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Lockheed Rigid-Rotor XH-51As 
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Honeywell test instrumentation records 
structural soundness of missiles 
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tests the structural soundness of Minuteman, Pol; 
and Sky bolt missile stages under transportation t... 
ditions with a battery of four multiplexed Model 1012 
Visicorder oscillographs. The total Wyle-Honeywell 
system at the three Wyle test sites includes eight 
1012 Visicorders, 84 Accudata III amplifiers, and a 
14 channel FM tape system. 

The Wyle test site uses Wyle hydrashaker systems 
of about 100,000 force pounds, mounted on million 
pound concrete reaction blocks . . . the only installa- 
tion of its magnitude in the country. The hydra- 
shaker exciters introduce vibration into the missiles 
comparable to those encountered during transporta- 
tion prior to launching. 

The specimen record shows data recorded from 
accelerometers on the third stage of a missile at the 
locations marked on the record. 
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For details about Honeywell Signal-Conditioning 
equipment, the Model 1012, and other Visicorder oscil- , 
lographs, and the LAR 7400 FM Tape Sub-system [ 


ado. Telephone DDD Area Code 303-794-4311. 


The Honeywell 
LAR 7400 FM tape 
system stores 14 
channels of data 


A battery of multiplexed Model 
1012 Visicorders directly re- 
cords 112 parameters of infor- 
mation 

DATA HANDLING SYSTEMS 
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CAPABILITY MEANS POWER FOR SPACE AND LANDING VEHICLES 


Reciprocating engines for space vehicle power systems 
—developed during the past four years under NASA 
and Air Force contracts— have successfully completed 
test programs at Vickers Aerospace Division. These 
hydrogen-oxygen engines demonstrate: 

READY AVAILABILITY— Designs merely require the 
extension of thoroughly proved mechanical principles 
into new areas of application. Engines are capable of 
operation over a wide range of speeds and power levels. 

APPLICATION FLEXIBILITY— Completely integrated 
systems being developed by Vickers can use power 
from reciprocating engines in a variety of ways such as: 

■ In space vehicles to drive an alternator and/or 
hydraulic pump, for equipment and personnel 
cooling, for attitude control— even provide free 
drinking water as a by-product of burning hydro- 
gen and oxygen. 

■ In lunar surface vehicles for propulsion power 
and/or auxiliary power. 

■ Portable power for specialized tools in lunar 
exploration. 

■ Stand-by lunar power supply. 


LIGHT WEIGHT— Low specific propellant consumption 
(0.75 to 1.0 lbs. per hp-hr.) in conjunction with low sys- 
tem fixed weight is offered by internal combustion 
engines currently being developed— a lighter system 
than any other for certain space missions. 

BROAD CHOICE OF FUELS-A variety of fuels-cryo- 
genics (liquid, supercritical fluids and boil-off vapor) or 
hypergolics— can be used. 

TEST DATA AVAILABLE— For technical information 
and comparison of H2-O2 engine with other proposed 
systems ask for Technical Report— "Piston Engines For 
Space Power". Write to Vickers Incorporated, P. 0, 
Box 302, Troy, Michigan. 
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THREE MORE 
FOR SPACE 
FROM DI/AN 


lable now — from production 
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•HISTORY: NO ONE (repeat, no one) comes close to match- 
ing DI/AN's history of reliability in magnetic logic equipment 
for space. Proof: The operating history of these devices (and 
their predecessors) approaches a million hours in over 30 
different aerospace programs with no known failure. The 
modules used have a billion hour history. 

RELIABILITY: This, mind you, is a record of actual use of our 
clocks, timers, counters, miniature memories, etc. The record 
is supported by two life tests of modules, still underway, 
which have logged 3 '/, million module hours over 5 years — 
no failures, and 1 '/, million module hours over 2 years — no 
fail ures. These numbers are for complete logic elements — 
but compare them with numbers for single components! 

THE KEY to this history and reliability: The unique advan- 
tages inherent in magnetic logic design: low power, few 

Di/An Controls, Inc. 3 fj] 


components, non-critical semiconductor parameters, re- 
sistance to radiation and to extreme temperatures. Plus, 
extraordinarily high, fully cabled circuit density. (Over 
10,000 high-logic-power CTL's per cubic foot.) 1000 CTL's 
make a serial GP computer. 

SHORT DELIVERY: One type of magnetic logic element is 
used for all functions —function determined by intercon- 
nections. New equipments are built with almost no electrical 
engineering time required. Product line units illustrated 
above are available on shortdelivery from current production. 
WRITE FOR DATA SHEETS and special reports on "APPLI- 
CATIONS'' and "RELIABILITY OF MAGNETIC LOGIC." 

ALSO AVAILABLE: Literature covering three other DI/AN 
product areas ■ Magnetic Logic and Register Modules and 
cards ■ Standard Core Memories ■ Data Systems 




AEROSPACE CALENDAR 


can Assn, of Airport Executives, Galt 
Ocean Mile. Beach Club and Coral Ridge 


els. Fort Lauderdale, Fla. 


May 6-8— Ac 
'“inability 
Washington, D. C. 
May 6-9-Ninth Annua 


lerospace Svmpo- 


jack Tar Hotel, San Francisco, Calif. 

May 7-9— Electronic Components Confer- 
ence, Institute of Electrical and Electron- 
ics Engineers, International Inn, Wash- 
ington. D. C. 

May 7-9— Production Engineering Confer- 
ence. American Society of Mechanical En- 
gineers, Nethcrland Hilton Hotel, Cin- 

May 
St: 

Ini , 

York. N.Y. 

May 8-10— Spring Meeting, Society for Ex- 
perimental Stress Analysis. Hotel Ben- 
jamin Franklin. Seattle. Wash. 

" • 9-10— Quarf 




Singlc-Crv: 


Bell, Pa. Co-sponsors: University of 
Pennsylvania; Princeton Univcrsitv; Office 
of Naval Research; Advanced Research 

(Continued on page 7) 
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Friden Collectadata- 
the only data collection system that 
talks back to erring workers 


To err is human. The Friden Col- 
lectadata does more than any other 
system to reduce human error to an 
absolute minimum. 

Should a worker mis-operate the 
Transmitter, the machine tells him 
exactly what he did wrong; a red 
light pinpoints the error. 

And, to make sure such errors rarely 
happen, the Collectadata displays 
the operating rules right on the trans- 
mitter. In simple-to-follow steps. 
Again, no other system does this. 
The Collectadata does double-duty 
too.The tamper-proof Badge Reader 
takes attendance swiftly, accurately. 


The buffer storage reader allows 
workers to check in almost as fast 
as they can walk by the machine. 
The Friden Collectadata: the data 
collection system with the most 
elaborate operator and in-machine 
checks of any system made. For full 
details, call your local Friden Sys- 
tems man. Or write: Friden, Inc., 
San Leandro, California. 

This is practical automation by 
Friden— for business and industry. 

Friden 


Sales, Service and Instruction Throughout the U. S. and World 
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ton.D.C.; 



and Dayton, Ohio. "An 
employer." 



Decision-Making: Direction of Forces— What, Where, When? 



AEROSPACE CALENDAR 

(Continued from page 5) 

Mav 13-15— National Aerospace Electron- 
ics Conference, IEEE/AIAA, Dayton, 
Ohio. 

Mav 15-16-Fourth Annual Symposium on 
High Speed Testing. Hotel Somerset, Bos- 
ton. Mass. Sponsor: Plas-Tecli Equip- 
ment Corp. 

May 1 5-17— Connecticut Ceneral Flight 
Forum's Second National Symposium on 
Air Transportation, Hartford, Conn. 

May 16— Second Annual Management Con- 
ference on Marketing in the Defense In- 
dustry, American Marketing Assn.. Boston 
College Campus, Boston. Mass. 

May 20-22-1 7th Annual Convention and 
Exhibit. American Society' for Quality 
Control, Sherman House, Chicago, 111. 

May 20-22— National Symposium on Micro- 
wave Theory and Techniques, Institute 
of Electrical and Electronics Engineers, 
Miramar Hotel, Santa Monica. Calif. 

May 20-22-National Telemetering Confer- 
ence. Hilton Hotel, Albuquerque, N. M. 

May 20-24— Reliability and Maintainability 
Training Courses, Arinc Research Corp., 
Hotel Willard, Washington, D. C. 

May 20-24— Third European Spaceflight 
Symposium, Stuttgart, West Germany. 
Sponsors: British Interplanetary Society 
(BIS): Socictc Francaise d'Astronautique 
(SFA): Deutsche Gesellschaft fur Rake- 
tcntechnik und Raumfahrt c. V. (DGRR). 

Mav 21-22-1963 Seminar-Exhibit. Stand- 
ards Engineers Society, Carnegie Interna- 
tional Endowment Center. New York, 
N.Y. 

May 21-23— Spring Joint Computer Confer- 

tion’ Processing Societies. Cobo Hall, 
Detroit, Mich. 

Mav 21-23— Symposium: Characteristics of 
the Lunar Surface, Boston. Mass. Spon- 
sors: Air Force Cambridge Research 
Laboratories; Arthur D, Little, Inc. 

May 21-24-2 5th Annual Meeting and News 
Conference, Aviation/Space Writers 
Assn., Adolphus Hotel, Dallas, Tex. 

May 27-28— Seventh National Conference 
on Product Engineering & Production, 
Institute of Electrical and Electronics En- 
gineers, Continental Hotel, Cambridge, 



look to TRANS CO for Microwave 





Ask the man who lands one. For the military. For the commercial airlines. Ask him for the meaning 
of HYTROL. No trouble finding him. More than 100,000 pilots have made safe, sure stops with hytrol. 
Since 1948. To them hytrol means landing assurance. In all kinds of weather. All types of runway 
conditions. These men can testify to the concept of braking control, in its second generation with 
the hytrol MARI brake torque control system— developed by Hydro-Air division of , CRANE 


luipment on Boeing's 707-320B, Douglas' DC-81 
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No other switch package 
can stand such vibration 
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Ambient temperature 
200G’s. Operating life: 
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TRAIN SACTER® Data Collection System 


Controls Vital Production at 
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B EM □ IX- PACIFIC SERVOS 

Why not consider all three approaches from this one source? 



The consolidation of electro and fluid mechanic 
engineering and manufacturing facilities at 
Bendix-Pacific provides a unique and truly inte- 
grated approach to the research, design, develop- 
ment and manufacture of actuation and control, 
servos, components and sub-systems. Research 
capabilities include analog and digital computers 
and complete environmental laboratories. 


Bendix-Pacific 

Division 



Broad experience... demonstrated by a continuing 
list of important advanced components and sub- 
systems... illustrates the ability of Bendix-Pacific 
to solve complex actuation and control system 
problems ... including trade-off and interface 
compatibility studies using electro-mechanical, 
pneumatic and/or hydraulic sub-system 
approaches. 


FLUID AND ELECTRO MECHANICS ... AIRBORNE RADAR ...DATA HANDLING .. .GUIDANCE .. .TELEMETRY. . .U.S.W 







Advanced Energy Conversion 

... a new field of research at Curtiss -Wright 


Nuclear energy holds the future of electric power generation 
and propulsion, but how near is that future? 

Nearer than generally supposed — for at the Advanced 
Energy Conversion Laboratory of the Wright Aeronautical 
Division of Curtiss-Wright, research and development have 
been guided by feasibility. 

To that end, Curtiss-Wright scientists assayed scores of 
theories and methods. Three, with unique techniques devel- 
oped in the Advanced Energy Conversion Laboratory, 
offer the greatest promise of economical, efficient, reliable, 
broadly useful electric and propulsive power for Govern- 
ment, Industry and Science: Magnetogasdynamics- using 


low density, cool plasma. Elcctrogasdynamics-using high 
density, electrically charged gases. Plasma cells- using ther- 
mally ionized plasma. 

Applications seem almost limitless. To mention only a 
few that are under investigation at Curtiss-Wright: silent 
submarine energy conversion; vacuum pumping; atmos- 
pheric devices for lifting and hovering; closed cycle devices 
for propelling spacecraft up to satellite orbit velocity and 
beyond; terrestrial and extra-terrestrial power supplies. 

If Curtiss-Wright research in advanced energy conversion 
seems relevant to your own power or propulsion require- 
ments, we welcome your inquiry. 


Wright Aeronautical Division 

CURTISS-WRIGHT CORPORATION 

Main and Passaic Streets ^ Wood-Ridge. New Jersey 
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This is a full room-sized oven. It is used for cooking, not 
delicacies, but complete Lenkurt video, voice and data 
transmission systems. 

Since heat is a vicious enemy of electronic equipment, we 
cook systems in this environmental chamber for days on 
end at temperatures up to 150° and higher. When the test 
is over, we know how your system will operate under nor- 
mal and abnormal conditions. 

This multiplexing system is about to undergo extensive 
“hot spot” testing. Before it was assembled, all elements- 


components and panels, breadboard circuits, prototypes— 
were individually tested at temperatures ranging from — 76°F 
•o as high as 527°F. 

How do you benefit? You're assured that your communi- 
cation system will continue to operate at peak performance 
year after year. Environmental testing is just one of Lenkurt’s 
many self-imposed engineering disciplines, and another im- 
portant reason why you should consider Lenkurt microwave 
and carrier equipment whenever you plan a telecommunica- 
tion system. Lenkurt Electric Co., Inc. , San Carlos, California. 


LENKURT ELECTR/C 

GENERAL TELEPHONE ^ELECTRONICS 






•CRYOGENICS 
•OXIDIZERS 
• HYDROCARBONS 
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SIMMONDS OFFERS ADVANCED MEASUREMENT TECHNIQUES 


Conditions vary, so do physical parameters. Simmonds measurement and display systems gage cryogenics, oxidizers, 
hydro-carbons and other fluids anywhere in space. For 15 years we have been designing reliable, accurate systems 
for aircraft, space vehicles, missiles, and ground-support equipment. May we apply these capabilities to your problem? 

APOLLO • BOEING 727 • JUPITER • CHANCE VOUGHT F 8 U • SIKORSKY CH53A 


SIMMONDS 

PRECISION PRODUCTS, INC. 


TARRYTOWH, NEW YORK • offices: hunisviiu. ala. - glcndaie. calif. - Washington, d. c. 
DAYTON. OHIO - DALLAS, IEX. - SEATTLE, WASH. - LONDON. ENGLAND - AMSTERDAM. NETHERLANDS 
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READY FOR 400 MPH TAKEOFF 


The most advanced tire testing facilities in the world 
are now operational at B.F.Goodrich. Equipment 
enables the Company to perform all its own quali- 
fications to meet advanced jet tire specifications. 


At the Test Center engineers can check accelera- 
tion, deceleration, simulate operation during taxi, 
takeoff, and landing, and test under both extreme 
cold and hot conditions. 


For example, the giant dynamometer above 
develops 10,000 horsepower, and can test tires at 
speeds as high as 400 miles per hour, 
under loadings as high as 100,000 pounds 
per tire. The machine simulates any land- 
ing or takeoff condition. (Safety housings 
retracted for photographic purposes.) 


Pioneering of this type is one of the reasons 
B.F.Goodrich is the leader in aircraft tires— and has 
introduced fabric tread tires, new designs, 
and new materials. Specify BFG for tires 
you can depend upon. The B.F.Goodrich 
aerospace and Company, Aerospace and Defense Prod- 
defense products ucls Division, Dept. AW-4B, Akron, Ohio. 


EDITORIAL 


Apollo and Its Critics 


Like all great pioneering ventures, the Apollo manned 
lunar landing program is the target of a continual bar- 
rage of carping. This anti-Apollo chorus usually reaches 
a crescendo in the spring, when the National Aero- 
nautics and Space Administration budget is facing sig- 
nificant congressional decisions, and dwindles to a barely 
audible pianissimo after every successful U.S. and Rus- 
sian manned space flight. 

This year the critics' chorus is louder than ever and 
studded with many familiar faces ranging from ex-presi- 
dent Eisenhower, who still wishes the space age would 
dry up and blow away, to an esoteric wing of the scien- 
tific community which appears to be disturbed by the 
fact that non-scientist types, such as engineers and pilots, 
have crept into the space program and are running their 
portion of it with vigor and enthusiasm directed toward 
specific goals that some scientists regard as unseemly. 

We doubt if many Americans would wish to return 
to those final dismal years of the Eisenhower Adminis- 
tration when the succession of Soviet space triumphs 
subjected this nation to its worst international humilia- 
tion since British men-of-war stopped kidnapping Amer- 
ican sailors on the high seas. Ex-president Eisenhower’s 
abysmal failure to understand that the space age had 
dawned and his Administration's lassitude in the 
first post-Sputnik years certainly disqualifies him as a 
valid critic of the current national space program, even 
without his candid admission that he really knows 
nothing about space. We suspect that when the history 
of these times is finally written, one of the great differ- 
ences between the Eisenhower and Kennedy adminis- 
trations will prove to be the former’s inability to under- 
stand and cope with the technological tides of the era 
over which it presided, and the perception and vigor 
with which President Kennedy grasped this fact early 
in his regime by establishing the Apollo program as a 
top priority national goal and sticking with it despite 
the critics’ chorus. 

One of the most fallacious arguments advanced by the 
Eisenhower-type critic is that we are wasting money by 
trying to push into space too fast, and what we really 
need is a more leisurely and thus more economical pace. 
The history of the Eisenhower Administration is studded 
with examples of research and development programs 
that were operated on this discredited philosophy. They 
resulted only in huge expenditures that produced few 
significant results. Actually, a technical program that 
is not run at its fastest feasible pace is the most wasteful 
of all. Apollo is now running at very close to its optimum 
technical pace, perhaps a shade too slow due to fiscal 
limitations. A slowdown or stretchout, as advocated by 
some critics, would only raise the eventual price of the 
program and delay the achievement of its significant 
goals and technology'. 

Another charge, oft-repeated by critics who have no 
first-hand knowledge of NASA’s manned space flight 
programs— Mercury, Gemini and Apollo— is that Apol- 
lo’s fast pace necessarily will impose undue hazards on 
lunar voyagers. There is always risk in exploration of the 
unknown. But anybody who has even a cursory knowl- 
edge of the operational philosophy of NASA’s Manned 


Spacecraft Center and has seen it applied to Mercury 
knows that it is based on providing the maximum crew 
safety commensurate with mission fulfillment. The 
same engineers who are managing the Apollo program 
have a long background of managing high-speed flight 
exploration through the sound and thermal barriers with 
winged vehicles and later with Mercury capsules, and 
most of their pilots are still around to tell their stories. 

Because of this special devotion to safety and the tre- 
mendous responsibility for transporting a man instead of 
a black box, the reliability record of the Mercury cap- 
sules and boosters has been far superior to that of the 
unmanned space probes and satellites. 

The scientific community has traditionally provided 
the most solid opposition to the manned space flight 
program (see p. 24), but there has been a steady rate of 
conversion from critics to supporters during the Mer- 
cury' years. This has been helped by the fact that it 
has become obvious that NASA does not intend to 
neglect scientific exploration because of the Apollo pri- 
ority. As the NASA program has unfolded with the 
years, it has become apparent that considerable scien- 
tific exploration by instrumented satellites and probes is 
a necessary’ preliminary' to extending the parameters of 
manned space flight. It is also evident that manned 
space flight itself will offer a greater opportunity for 
scientific exploration of the universe than could ever 
be possible using only remotely controlled instruments 
and data transmission. In fact, the major steps beyond 
the Apollo program are aimed at establishing manned 
laboratories on the moon and large earth-orbiting space 
stations to expand the frontiers of scientific exploration 
beyond their present limitations. While the first Apollo 
lunar voyages will probably be made by astronauts instead 
of scientists, it is certain that once mission feasibility 
is demonstrated, these spacecraft will be used to trans- 
port a wide variety of scientists to the moon and orbital 
laboratories. 

A successful program of manned space flight to the 
moon requires considerable advance scientific scouting 
by instrumented probes to produce data on which its 
operations must be calculated. The failure of the 
Ranger program to achieve its scientific objectives added 
no luster to the advocates of pure science above all. 
They could better lend their talents to insuring the 
success of the Surveyor lunar exploration program than 
continually carping from their ivory towers of detacli- 

There are a great many valid, vital reasons why this 
nation must continue to press its exploration of space at 
the maximum feasible pace. 

We intend to discuss them as the Apollo debate con- 
tinues. But for the moment, there is no better summa- 
tion of the purpose in this national effort than that 
stated by Brainerd Holmes, NASA’s director of manned 
space flight and the chief engineer of the Apollo pro- 
gram, when he said in a recent speech: 

"If we do not make these efforts we will not be first 
on the moon, we will not be first in space and one day 
soon we will not be the first on earth.” 

—Robert Hotz 
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Each of these parts represents the conquest of a challenge. The titanium strut brpcket at upper right — SPS 
ability to work in exotic metal. Precision rings in the center — SPS welding, approved by Navy, ASAAE, and 
Aircraft standards. Halfway down from the top, on the right — a small part to remind you that SPS multiple 
operation machine tools (there are more than a thousand) have mastered the paradox of volume production 
to close tolerances. . .we call it “mass precision." What precision machined parts on your drawing board offer a 
challenge to SPS? We will gladly accept any challenge. STANDARD PRESSED STEEL CO., Precision Fastener 
Division, Precision Machined Parts Sales, Jenkintown 3, Pa. (215-884-7300)* Santa Ana, Calif. (714-545-9311). 
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There’ll be no place to hide up there anymore. 


This Space Track Radar will have the job of counting 
noses in outer space. It will detect, identify, track and 
classify and report satellites in a hurry. 

We are developing the large phased-array radar for 
the Air Force’s Rome Air Development Center. It 
will demonstrate the versatility of this pioneering 
computer controlled system which can form automat- 
ically a number of different beam patterns, and steer 
these beams electronically. 


From its site at Eglin Air Force Base, Florida, it 
will pick up a new satellite as soon as it comes within 
range, track many space objects while watching for 
new ones, remember everything it has seen, and 
report on what is going on. 

This is just one example of many radar and com- 
munications developments at Bendix Radio. What- 
ever you need in that line, write us care of Government 
Sales, Baltimore 4, Maryland. 


Bendix Radio Division 




Controlled Fusion Race 


Defense Views Complex 


Rubel to Leave Defense 


‘VTOL Blood Bath’ 


SST Bogsat Snafu 


Washington Roundup 

Soviet Union last week claimed to have taken an important step on the long road 
toward controlled thermonuclear fusion— the same type of advance claimed a week 
earlier by the University of California’s Lawrence Radiation Laboratory, which is oper- 
ated for the Atomic Energy Commission. 

Russia said it had produced plasma with a density of 10 billion particles per cubic 
centimeter at a temperature of 40 million deg. for hundredths of a second. Lawrence 
Lab said it had produced a plasma with a density of about 100 million deuterium 
nuclei per cubic centimeter at 200 million deg. for one-half second. 

Both experiments appear to indicate that the plasma instability found at inter- 
mediate densities— and once considered an insuperable barrier-disappears at higher 
densities. Both countries pointed out that there is still much to be done before the 
extremely high densities and longer time periods necessary' for significant control of 
the fusion process can be reached. 

Secretary of Defense's office and the military services will meet May 15-17 at 
Navy's submarine base at Groton, Conn., to explore ways of responding to higher-level 
program review and conducting the weapon systems acquisition process the way Secre- 
tary Robert S. McNamara and his advisers want it done. Industry participation will 
be limited to a few invited presentations. 


Even though Defense Dept, spends nearly 10% of the national income and 
employs 3.7 million people directly and influences millions more. Defense Secretary 
Robert McNamara is not concerned about what he referred to as “the so-called 'military- 
industrial complex.' " McNamara told the American Society of Newspaper Editors 
that, “if anything, the potential dangers [of the complex] have been overstated rather 
than understated in recent months." Just a month ago. however, Deputy Defense 
Secretary Roswell Gilpatric was worrying in public about influence of the “complex” 
in connection with the TFX case (AW Mar. 18. p. 25). 

Industry reactions to the proposed defense contractor evaluation plan (AW Apr. 
15, p. 32) will be presented to Pentagon officials May 3-4 by the 21-inan Defense 
Industry Advisory Council. Military services were scheduled to give their views late 
last week. Barring major objections, the plan will be presented to Defense Secretary 
McNamara for final approval. 


John Rubel will resign as assistant secretary of defense for research and engineer- 
ing soon to return to industry. Speculation is strong that he will be succeeded by 
Eugene G. Fubini, deputy director for research and information systems in the same 
office. Rubel, who came to the Pentagon from Hughes Aircraft four years ago. has 
been a sharp critic of Air Force's space ambitions and of major overruns in USAF 
programs. He introduced the “program definition phase" in major development 
programs. 

Proposal for an unmanned, 72-hr. flight of a Mercury capsule to test effects of 
meteoroids and solar radiation is gaining support in some segments of NASA. Its 
backers believe a manned MA-10 flight would demand too much of the already over- 
taxed life support system and would not return any more significant data than would 
Gordon Cooper's forthcoming 34-hr. MA-9 flight. MA-10 would fly at about 140 
mi., higher than any previous Mercury flight. Approval depends upon the success or 
failure of MA-9 (see p. 25). 


Two-day government-industry conference on vertical and short-takeoff-and-landing 
aircraft concepts, held at Kirtland AFB, N. M., last week is being called “The Albu- 
querque blood bath" because so many companies with so many concepts are fighting 
for such a narrow market. Defense Dept.. National Aeronautics and Space Administra- 
tion and Federal Aviation Agency participated. Panels covered utility transports, 
fighter-attack-reconnaissance aircraft, special purpose aircraft and civil aircraft. 


Federal Aviation Administrator N. E. Halaby, who has been trying to live down 
for weeks an offhand remark that a comsat-type of corporation might be useful in 
developing the supersonic transport, finally said last week that the idea probably came 
from “a BOGSAT. That's a Bunch of Guys Sitting Around Talking.” 

—Washington Staff 
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Soviets May Be Using Two Cosmos Types 


Flights include Vostok-size spacecraft and smaller 
non-recoverable vehicles, Rand specialist believes. 

By Evert Clark 

Washington— Soviet Union's Cosmos satellites probably are “para-military” 
spacecraft of two different types— one a recoverable vehicle as large as the 
Vostok manned capsule and the other a 4,400-lb., non-recoverable vehicle 
launched from a different base with a smaller booster— according to F. J. 
Kriegcr, a Rand Corp. specialist on Russian astronautics. 

Russia last week launched its 15th Cosmos satellite since the series began 
59 weeks ago. Cosmos sizes, weights, launching sites and specific missions 
have never been revealed. For all its other satellites and space probes except 
those that fail, Russia announces missions, weights and usually dimensions. 
It also announces launch sites and landing sites for manned flights. 

Krieger also believes that Russia had 


n unprecedented string of six failures 
between last Aug. 25 and last Jan. 4— 
each apparently caused by inability to 
get the fourth stage out of a parking 
orbit around the earth and onto a trajec- 
tory. The first three shots are believed 
to have been Venus probes; the next 
two, Mars probes, and the January shot, 
a lunar probe. 

Venus Probe 

Russia pioneered the launch-from- 
orbit technique on Feb. 12, 1961, with 
a 1.415.7-lb. Venus probe. Although 
the launching was largely successful, 
radio contact with the probe was lost 
after 1 5 days and it passed some 620.- 
000 mi. from the planet— “an order of 
magnitude greater than anticipated." ac- 
cording to Krieger. 

Since then Russia has succeeded in 
getting probes out of parking orbits 
only in the launching of the Mars 1 
probe last Nov. 1 and Lunik 4 on Apr. 
2. During the period covered bv the 
six failures, it successfully launched 
four Cosmos satellites. 

Krieger sa's that "the Soviets first 
tried to utilize the parking orbit tech- 
nique on Oct. 10 and again on Oct. 14. 
1960. to launch probes toward the 
planet Mars. Both attempts, however, 
failed to achieve earth orbits." 

Kriegcr believes the Cosmos satellites 
that have been put into orbits with in- 
clinations of 65 deg. to the equator arc 
Vostok-sized vehicles launched from 
Tvuratam. cast of the Aral Sea. and 
those with inclinations of 49 deg. are 
"undoubtedly . . . smaller devices" 
launched from Kapustin Yar, north of 
the Caspian Sea, “into elongated orbits 
by more economical rockets, and were 
not recovered." So far. eight have had 
49-deg. inclinations and seven have had 
65-deg. inclinations. 

The latest Cosmos launch, on Apr. 
22, was part of the 65 deg. inclination 
group. This satellite, Cosmos 15, had 


an apogee of 250 mi., a perigee of 
107.26 mi. and a period of S9.77 min. 
Transmission from the satellite was on 
19.996 me., the Russians said. 

When Russia announced the begin- 
ning of the Cosmos series on Mar. 16, 
1962, the official statements said more 
than one "cosmodrome" would be used 
for launches. They said the primary 
missions would be to investigate scien- 
tifically the upper layers of the atmos- 
phere and outer space, but said many 
elements of space vehicle construction 
also would be worked out. 

In spite of these announced purposes. 
Krieger shares the view of many other 
Western observers that the "real signi- 
ficance” of the scries “is probablv para- 


military.” His conclusions are contained 
in Rand's Memorandum RM-3595-PR. 
dated April 1965, which was prepared 
for Air Force's Project Rand as a part 
of Krieger's continuing study of Soviet 
astronautics. 

Ilis weight estimate of 4,400 lb. for 
the “smaller” Cosmos is slightly greater 
than that of the U. S. Samos reconnais- 
sance satellite and a little less than that 
of U. S. Midas early warning satellite. 
Military Missions 

Krieger docs not mention specific 
military missions for Cosmos spacecraft 
with the exception of Cosmos 1 1 , pre- 
sumably launched from Kapustin Yar 
at an inclination of 49 deg. He said it 
is "the subject of much interesting 
speculation because of its probable con- 
nection with the Soviet nuclear weap- 
ons test program. It is more than purely 
coincidence that Cosmos 1 1 entered 
orbit on Oct. 20, just two davs before 
the Soviets detonated the first of three 
high-altitude nuclear devices over Cen- 
tral Asia." These were exploded last 
Oct. 22 and 28 and Nov. 1, and had 
yields of less than one megaton. 

The first two Cosmos vehicles to be 
launched along the standard Russian 
inclination of 65 deg. were No. 4 and 
No. 7. Krieger said these were "os- 
tensibly precursors of the Vostok 3 and 
4 space vehicles.” and speculates that 
Cosmos 9. 10 and 12 might be "fore- 
runners of new developments in manned 


Russian Cosmos Flight Objectives 

Objective of Russia's Cosmos satellite scries is flight qualification of manned space- 
craft systems, launch vehicle and launch procedures, according to U. S. space experts 
at the American Institute of Aeronautics and Astronautics second manned space 
flight meeting in Dallas last week. 

U. S. experts at the meeting agreed with earlier estimates that the next Soviet 
spectacular will be an eight day manned orbital mission in the next 30-45 davs 
(AW Apr. 15. p. 38). 

Tin's assessment is based on intelligence estimates i 
satellites, as well as an acceptance here that Russia is 
mission with a pilot. 

U. S. now believes that Soviet Russia has developed an extremely reliable standard 
launch vehicle and a standardized spacecraft into a space system which is easily 
adaptable to manned military missions. Soviet announcements that Cosmos is a 
scientific project are considered to be transparent propaganda because Russia has yet 
to release a single scientific finding made by the satellites or to release details or 
photographs of the spacecraft. 

Final evaluation of the Vostok 3 and 4 flights indicates that the two spacecraft 
came within three miles of each other, and that they were both launched from 
Pad A of the Tyuratam complex. Among the significant points of the two flights ore: 

• Soviet technique is the simplest to use in rendezvous. 

• Re-use of a launch pad within 24 hr. indicates the high degree of standardization 
the Russians have achieved. 

• launch of Vostok 4 was made within 1.5 sec. of the time planned. 

It is now believed that neither Vostok had on-board propulsion to translate in 
orbit, but if either had such a system, the two spacecraft probably would have 
docked during the first orbit of Vostok 4. 
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Pentagon Teams Prepare McNamara on TFX 


By George C. Wilson 


Washington— Defense Secretary Robert S. McNamara, who 
soon will make his summation before the Senate subcommittee 
investigating his F-lll (TFX) contract award to General 
Dynamics-Grununan, has organized two task forces in an inten- 
sive but hush-hush effort to overwhelm Ins challengers. 

Pentagon insiders say McNamara did not take his challengers 
too seriously until he received a telephone call from the White 
House which had this unmistakable theme: “Take the TFX 
hearings seriously. They- are hurting the Administration." This 
was like telling the former Ford Motor Co. boss that his S6-5- 
billion F-lll decision would look like another Edsel to the 
public unless he did something fast. 

The White House phone call came Mar. 8 after both civilian 
and military witnesses had told tire investigating committee 
headed by Sen. John L. McClellan (D.-Ark.) that the joint 
USAF-Navy source selection board thought the Boeing F-lll 
proposal was superior. The board had recommended on four 
separate occasions that Boeing be awarded the contract (AW 
Mar. 11, p. 22). But McNamara, despite these recommenda- 
tions based on 270,000 hr. of evaluating by others, reversed 
the board. 

Not until he heard from the White House did McNamara 
feel a massive effort was needed to justify his decision. But he 
wasted no time once he heard the Administration’s deep con- 
cern. He immediately set up two teams, one now known as the 
Red Team and the other as the Blue Team. The Red Team 
had the job of punching holes in McNamara’s reasons for 
choosing the General Dynamics-Grumman design. This was 
to prepare him for challenges from the McClellan subcommit- 

Jack L. Stcmplcr, assistant general counsel for logistics, 
headed the Red Team. Its job was much easier than that of 
the Blue Team, because it relied primarily on material already 
prepared by the evaluation group and source selection board. 
The Red Team's main job was completed in less than a week 
and it was disbanded. 

But the Blue Team's is a continuing operation. Solis Hor- 
witz, director of the office of organizational and management 
planning within the defense secretary's office, heads the team. 
It is going far beyond the Red Team's scope of operations by 
preparing new material to justify the award to General Dynam- 
ics-Grumman— material which was not considered when 
McNamara made the decision. 

Officially, Defense Dept, spokesmen declare the function of 
the Blue Team is just to keep McNamara abreast of the F-lll 
hearings and supply material requested by the subcommittee. 
They say the team comprises about a dozen persons, including 
cost analvsts and engineers, but decline to name the members 
on grounds the team is an internal operation. The team was 


established “during the week of Mar. 4," these spokesmen say. 
Fred A. Payne, Jr., deputy* director of strategic and defensive 
systems within the office of defense research and engineering, 
is one of the operating heads of the Blue Team. 

What irks several subcommittee members is that the Blue 
Team is coming forth with material which was not used by 
McNamara in making his decision. Sen. Henry M. Jackson 
(D.-Wash.), second ranking Democrat on the subcommittee 
and champion of Boeing, complains that McNamara is con- 
ducting an evaluation after the fact. Sen. Karl E. Mundt (R.- 
S. D.), ranking subcommittee Republican, raises the same ob- 
jection. Sen. Edmund S. Muskic (D.-Mc.) is the chief Admin- 
istration defender on the subcommittee and has been asking 
most of the questions that are designed to support McNamara’s 
decision. 

Blue Team members have often w-orked nights and weekends 
in their intensive effort. The secretive atmosphere surrounding 
its operation was evidenced when a reporter visited Horwitz's 
office last week to find out where the Blue Team was located. 
Horvvitz himself was not in, but a conversation with an aide in 
his office went like this: 

Reporter: Where is the TFX team, the Horwitz Blue Team, 
located? 

Aide: We have nothing to do with it. See Orville Splitt [news 
services director within the office of the secretary of defense]. 

Reporter: Who is one of the deputies on the TFX team 
since Horwitz isn't here and you can’t talk about it? 

Aide: See Orville. 

Reporter: What's the room number of the team and I'll ask 

Aide: Please see Orville. 

Next stop was the office of Roswell L. Gilpatric, deputy 
defense secretary. There, a young receptionist, showing none 
of the reluctance displayed by Horwitz’s aides, declared: “I’ve 
never heard of the Blue Team or TFX team, but the girl 
across the hall in the secretary's office can probably help you." 
She could and did. leading the way to still another receptionist 
in McNamara’s office who pointed to the door to the TFX 
headquarters, known variously in the Pentagon now as the 
Command Post, Bee Hive and Blue Room. 

The Command Post is in the old conference room directly 
opposite McNamara's third-floor office. Inside the Command 
Post was another secretary who said: “Oh, my!" when the 
reporter identified himself. Her desk formed a gateway where 
people could be signed in and out. The old conference room 
is divided into eight cubicles by portable, pale-green partitions. 
A sign hanging inside the Blue Room door reads: "Keep door 
closed at all times." 

Again, no one in the Blue Room would say anything about 
what they were doing. The suggestion: Sec Orville. The re- 
porter did. Next time he'll look for Wilbur. 


—probably multi-manned— space vehi- 
cles of prolonged flight duration." This 

S rees with predictions of other U.S. 

servers (see box p. 22). Since Krieger's 
memorandum was prepared. Cosmos 13 
and 1 5 also have been launched on 65- 
deg. orbits. 

Tables with Krieger's memorandum 
indicate that Russia has fired at least 
18 shots using four-stage boosters. These 
include the parking-orbit planetary and 
lunar probe attempts and the Cosmos 
satellites that have 65-deg. inclinations. 

In addition to the four-stage rocket, 
Krieger believes Russia has used three 


other boosters in its program. The first 
was an intercontinental missile used for 
Sputniks 1 and 2, and “in each case the 
entire device, except, perhaps, its spent 
booster engines, went into orbit. How- 
ever the Sputnik 2 payload remained 
attached to its rocket," Krieger said. 
This preceded the U.S. Project Score, 
in which an Atlas minus booster engines 
was put into orbit, by 13 months and 

"Soviet design engineers refer to the 
Sputnik carrier rocket as a multi-stage 
device,” Krieger said. “This suggests 
that its configuration is somewhat sim- 


ilar to that of the Atlas," he said. 

Sputnik 3 “apparently inaugurated 
an improved booster rocket that was to 
become the workhorse of their sub- 
sequent space program," and the first 
form of a new three-stage rocket ap- 
peared with the launching of the Lunik 
probes in 1959. Three-stage launchers 
also have been used for the Vostok 
flights, according to Krieger, but it is 
a more powerful version developed in 
test firings on Jan. 20 and 31, 1960. 

Kriegcr does not elaborate on the 
rocket used to launch the smaller Cos- 


AV1ATION WEEK & 


TECHNOLOGY, April 29, 1963 



NASA, Scientists Divided on Space Goals 


By Roderick D. Hibbcn 

Washington— Increasing conflict bi 
tween NASA and the scientific con 
inunity over what constitutes the in 
portant goals in the space program wer 
brought to light here last week during 
the 100th annual meeting of the Ns 
tinnal Academy of Sciences. 

Prof. Harold C. Urey. Nobel prize 
winner in chemistry of the Univcrsit; 
of California, told newsmen after 
pnslnm on space research that he dis- 
agreed completely "with the statement 
that only \ % of the scientific comma 
; tv would be needed to implement th 
•"!'i program." lie said the statemcn 
v. is made by James E. Webb, adminh 
"inr of the U. S. space agency, the 
cars evening at the National' Acad- 

I don't believe that there are enough 
0 t-class scientists in NASA: 1 don't 
bel er e NASA is attracting enough first- 
class scientists.” Urey said. He attrib- 
nlcd this to the fact that the National 
Aeronautics and Space Administration 
could not show the single-mindedness 
of purpose common to most scientific 
research, due to increasing outside pres- 
sure for divergent and therefore conflict- 

Hc contrasted the space program with 
the AEC Manhattan Project by saying 
that first-rate scientists had been inter- 
ested in major aspects of the fission re- 
action before the war and had mcreh 
united their efforts to accomplish those 
problems during the war. However, lack 
of information about the space program 
had left many capable scientists ignor- 

24 


ant of where the emphasis was being 
made or what the goals were. 

Dr. Colin S. Pittendrigh of Princeton 
University strongly urged that a national 
policy statement at the “highest" level 
be made, similar to the statement which 
inaugurated the Apollo program, so that 
“we should not undertake a manned 
space program if any scientific rigor has 
to be sacrificed." In the search for ex- 
traterrestrial life, he said, results of un- 
manned space probe observations would 
only accelerate the need for first-hand 
information. 

He stressed the urgent need for suf- 
ficient sterilization of our spacecraft be- 
fore the U.S. embarks on an "interna- 
tional prestige race." He considered 

Isolation Tests 

Washington— Isolation of crcvnie 
.olio and Gemini spacecraft moc 
II follow a NASA-Univcrsity of A 
id experiment in which a subject s 
2 days in isolated confinement. 

National Aeronautics and Space 
lustration officials said the experii 
which Wliilden P. Breen. Jr., s 


Breen entered the Univc 
id chamber on Nov. 1 
lerged Apr. 17. 


the sterilization problem to be more 
acute for the Mars missions than for 
Apollo, since experts generally discount 
existence of lunar life (sec p. 26). 

When asked if necessary precautions 
were being considered to isolate pos- 
sible organisms from outer space upon 
re-entry of space vehicles to earth land- 
ing sites. Pittendrigh said he envisaged 
a conventional quarantine of the sites 
to combat contamination, lie said fur- 
ther exchanges of information of this 
nature were to be made this June with 
the Russians during the Fourth Inter- 
national Space Science Symposium and 
Sixth Plenary Meeting. COSPAR, in 
Warsaw. 

The panel was asked to comment on 
published charges that scientific talent 
has been concentrated in the more 
glamorous manned space program at the 
expense of unmanned exploration. 
Their view was that although many sci- 
entists might prefer more emphasis on 
the unmanned program, the manned 
effort has the popular support vital to 
the entire space program, which they 
believe is producing scientific rewards 
and creating aesthetic excitement. 

Prof. Martin Sehwarzchild of Prince- 
•on University Observatory, elaborating 
on this excitement, said he felt scientific 
"pearls” would result from the space 
program, but that such significant re- 
sults usually include many others that 
later prove to be unnecessary and even 
mediocre accomplishments, l ie said the 
space program had exerted an immedi- 
ate discernible impetus to education on 
all levels in the U. S.. and further favor- 
able results could be expected. 
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Dr. Thomas Gold of Cornell Univer- 
sity pointed out that the really signifi- 
cant scientific achievements have always 
been unexpected, and that NASA, by 
virtue of its position as a governmental 
agency, must speculate upon future use- 
ful goals in order to justify expenditures 
in a way incompatible with usual scien- 
tific practices. He explained that scien- 
tists could not extrapolate future gains 
from space research out of presently 
insufficient knowledge. However, politi- 
cal pressures on NASA were forcing 
extrapolations of this kind from the 
scientific community. 

Meanwhile, President Kennedy re- 
ferred to expected congressional efforts 
to make substantial cuts in the manned 
space program budget in his Apr. 24 
press conference. 

He said: "Now, some people say that 
we should take the money we are put- 
ting into space and put it into housing 
or education. We set up a very exten- 
sive educational program. My judgment 
is that what would happen would be 
that they would cut the space program 
and you would not get additional funds 
for education. We have enough re- 
source, in my opinion, to do what 
needs to be done in the field, for ex- 
ample, of education, and to do what 
needs to be done in space. . . .” 


Umbaugh Hearing 

Reorganization plans for Umbangh 
Aircraft Corp. and Peace River Manu- 
facturing Co., described as virtually iden- 
tical by the respective trustees of the 
two companies, were filed Friday in a 
Federal Court in Tampa. Fla. 

The two companies arc being reor- 
ganized under Chapter 10 of the Federal 
Bankruptcy Act (AW Apr. 22, p. 32). 

Hearing on the reorganization plans 
was scheduled for last Friday in Tampa. 


Need Cited for Early 
Apollo Re-entry Tests 

Washington— Ground tests simulating 
Apollo re-entry heat levels should be 
made by the summer of 1964 if the 
manned lunar landing program is to 
stay on schedule, Brainerd Holmes, 
director of the program, told the House 
subcommittee on manned space flight 
last week. 

Holmes appeared before the subcom- 
mittee on hearings into the National 
Aeronautics and Space Administration’s 
request for $37.7 million in Fiscal 1964 
to build facilities at the Manned Space- 
craft Center at Houston, Tex. He said 
failure to start work this spring on an 
atmospheric re-entry test facility, mis- 
sion simulation building and other 
facilities would be “wasteful, ineffi- 
cient and harmful” to the program. 

Holmes and George M. Low, a 
deputy director, said tests to simulate 
heat on the Apollo command module 
during re-entry of the earth's atmo- 
sphere at speeds of about 25,000 mph. 
are scheduled for the summer of 1964. 
The tests arc to be made in an arc 
jet facility using a 2-ft. model of the 
13-ft. dia. command module. 

Holmes said the investment in the 
Houston facility would total about SI 53 
million by the end of Fiscal 1965 and 
might grow to about $250 million by 
the end of the decade. 

Earlier last week, the subcommittee 
conducted a brief inquiry into the status 
of work on high-energy fuels. A. J. 
Toering, manager of the Callers' Chem- 
ical Co.’s Defense Products Dept., 
urged that the U. S. undertake a "pro- 
gram with higher dollar value” for the 
development of high-energy fuels. 

His firm, which has a production 
plant at Muskogee, Okla., has been 
producing diboranc, a building block 
for all high energy boranes, for the Air 


Force. The Air Force has cut its fund- 
ing of the government-supported plant 
and seeks eventually to put the plant 
in a caretaker status. Rep. James Ful- 
ton (R.-Pa.), a member of the sub- 
committee, has long urged NASA to 
show more interest in diborane. Cal- 
lery’s home office is in Callerv, Pa. 

Arthur Sherman, director of prelim- 
inary design for Thiokols Reaction 
Motors Div., said a NASA-supported 
test program to determine the combus- 
tion efficiency of oxygen difluoride and 
diborane in a small rocket motor was 
completed late last year. Results of the 
52 test firings were “gratifying," he 
said, though the study raised some 

John L. Sloop, director of propulsion 
and power generation in NASA's Office 
of Advanced Research and Technology, 
disagreed with some of Sherman's con- 
clusions and said the Reaction Motors 
engine tests “were disappointing." He 
said peak performance was obtained 
over only a narrow range of mixture 
ratios and that engine cooling is still 
a formidable unsolved problem. Oxy- 
gen difluoride-diborane produces tem- 
peratures between 7.000F and 8.000F 
and there arc no known materials that 
can withstand this heat, or systems for 
cooling an engine using the'fucl com- 
bination, Sloop said. 
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Presidential Decision Is Sought for Nova 


By Edward H. Kolcum 

Dallas— U.S. has defined a sizable 
family of Nova launch vehicles based on 
existing and advanced technology, but 
development will be a national policy 
decision because it requires massive 
costs and engineering manpower, ac- 
cording to John A. Stone of the National 
Aeronautics and Space Administration. 

Detailed studies of Nova possibilities 
made by industry and NASA clearly in- 
dicate that the vehicle will require a 
7-9 year development period, and de- 
velopment costs ranging from $3.5-56 
billion. Stone said. The lower numbers 
are for a vehicle system considered 
within the current U. S. capability. Top 
numbers are for an advanced launcher 
based largely on hydrogen technology 
and recoverable boosters. Common de- 
nominator for all vehicles under con- 
sideration is the ability to inject 1 mil- 
lion lb. payload into earth orbit. 

Stone, who manages advanced launch 
vehicle studies in NASA's Office of 
Manned Space Flight, reported to the 
American institute of Aeronautics and 
Astronautics second manned space 
flight meeting here on preliminary re- 
sults of studies under way for the past 
year. He said the program is of such a 
large scope that in order to begin hard- 
ware development, it probably will re- 
quire the backing of President Kennedy 
with a national policy statement similar 
to the one he gave when the Apollo 
manned lunar landing program was ac- 
celerated two years ago. 

Stone’s report was the first of the 
comprehensive studies, and featured 
these key points: 

• Program justification depends on a 
decision to procede with manned plane- 
tary exploration, establishing a large 
lunar base and a large space station. 

• Direct operating costs show promise 
of reducing the current $1, 000/lb. U. S. 
spends to orbit a payload to under 
SI 00/lb. for Nova. Saturn IB, which 
will start at the $ 1,000/lb. level, will 
eventually be reduced to $400/lb., and 
Saturn 5 will start at $2 50/lb. and 
level at $ 150/lb. 

• Nova vehicle family falls naturally in- 
to three classes— current technology 
based on F-l and solid propellant 
boosters with M-l upper stages, hydro- 
gen-oxygen boosters featuring plug 
nozzle technology, and hydrogen-oxy- 
gen boosters using advanced techniques 
to achieve high chamber pressure, air 
augmentation, recovery and reuse. 

General Dynamics/ Astronautics and 
Martin-Baltimore are conducting studies 
leading to an “ideal Nova.” Douglas, 
GD and Space Technology Laboratories 
are studying advanced Nova concepts, 


Boeing is concentrating on a solid- 
boosted vehicle, and Martin-Denver is 
studying launch facilities for the vehicle. 

The generalized configurations in 
each of the three classes arc: 

• Class 1— Liquid version consists of a 
booster cluster of 18 F-l engines up- 
rated to 1.8 million lb. each. Second 
stage is three M-l hydrogen engines. 
Vehicle would stand 450 ft. high, be 
80 ft. dia., weigh 25 million lb. at 
take off and have a liftoff thrust of 
32 million lb. Solid propellant vehicle 
would be boosted by four 300-in. dia. 
motors with two or three M-l engines 
powering the second stage. This ver- 
sion would be 500 ft. high, 60 ft. dia., 
weigh 34 million lb. at takeoff, and 
have a takeoff thrust of 50 million lb. 

• Class 2— Vehicles using hydrogen pro- 
pellants in the booster with plug nozzles 
were studied in single-stage, stage-and- 
one-half and two-stage configurations. 
Both single and stage-and-one-half ve- 
hicles would be powered by five 6-mil- 
lion lb. thrust engines, and the two-stage 
booster would be three of these engines. 

• Class 3— This would incorporate the 
most advanced concepts. GD vehicle 
features a high chamber pressure hydro- 
gen-fueled booster. Martin vehicle, 
called Renova, uses air to augment the 
hydrogen booster. Air scoops would be 
open at launch, and would close when 
the vehicle has passed through the 
atmosphere. Douglas vehicle, called 
Rombus, would be launched from a 
water-filled basin. Hydrogen tanks 
would be staged in pairs and the space 
frame at the end of the boost phase 
would separate from the payload and 

All three concepts call for parachute 
recovery of tanks and space frame. Stone 


Ranger Sterilization 

Dallas — Sterilization of the Ranger 
payload lias been a contributing factor 
to the problems of this program, and 
the Apollo payload will not be sterilized 
because “sterilization is antagonistic to 
reliability,” according to Dr. Joseph F. 
Shea, deputy director for systems in 
National Aeronautics and Space Admin- 
istration's Manned Space Flight Office. 

Shea also said NASA believes a lunar 
logistics system "should be in being as 
on adjunct to Apollo.” He said the 
agency is narrowing on the Grumman 
Lunar Excursion Module as a cargo 
carrier for three payloads— a lunar shelter, 
laboratory and roving vehicle. About S10 
million will be committed to lunar logis- 
tics system work in Fiscal 1964, and 
substantial hardware funding will begin 
the following year. 


said reusability is a most desirable fea- 
ture of future launch vehicles, and L. T. 
Spears of NASA’s Marshall Space Flight 
Center reported on a rocket-aircraft re- 
usable vehicle concept. Although 
Spear’s report contained a disclaimer 
that the opinions are not necessarily 
those of NASA, the author concluded 
that a horizontal takeoff launch method 
—using a ground accelerator sled or 
linear steam turbine as the first stage— 
is preferable to a vertical launch. 

Spears' report, based largely on 
NASA-sponsored industry studies under- 
way at Boeing, Ling-Temco-Vought, 
Lockheed and North American Avia- 
tion, examines the probability that non- 
astronaut passengers will be required 
for large space stations and the lunar 
base, and the horizontal launch will im- 
pose lower takeoff loads on them. 

W. B. Luton of Chance Vought 
Coqj. reported on simulator studies 
which strongly indicate that the pilot's 
role can be greatly increased in control- 
ling launch vehicle systems. Judgement 
of the pilot, he feels, can be used to 
adjust trajectory errors, abort the pri- 
mary mission and carry out an alternate 
mission, delay thrust termination and 
alter the trajectory for escape to reach 

With pilot control of the Apollo 
launch vehicle system, Luton said a 
number of possibilities exist to carry 
out alternate missions if a lunar landing 
cannot be made because of a vehicle 
malfunction. Among the alternatives 
are a lunar fly-bv, ejection of the Lunar 
Excursion Module to reduce weight and 
then orbit the moon, injection of the 
Apollo spacecraft into an earth orbit and 
injection of the modules into a rendez- 
vous orbit for a space station. 

E. S. Love and E. B. Pritchard of 
Langley Research Center concluded in 
a report that a multi-purpose, re-usable 
re-entry vehicle is feasible without large 
penalties for aerodynamic flight. Love 
said that in order to land anywhere on 
the earth from any orbit, a lift/drag 
ratio of 3.6 is required. 

In another paper. Stanley Hauer of 
Hughes and George Tabata and Robert 
Waters of STL reported on a Phase 3 
report analyzing the direct and indirect 
costs of the Saturn 1 vehicle. Based on 
a launch rate of 12 vehicles per year, 
these costs will total $3.6 billion over a 
10-year period. 

Of this amount, development costs 
will total $1.4 billion: production, $1.8 
billion; range and general overhead, 
$110 million: personnel, SI 38 million; 
launch facility, $88 million; ground sup- 
port equipment, $34 million; transporta- 
tion, $8 million, and propellants, $5 
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Workers Reject New Boeing Contract 

Washington— Boeing Co. was confronted with a major strike last week after 
the membership of International Assn, of Machinists voted against ratification of a 
new three-year contract by a margin of over 800. 

The vote was 9,591 to 8,723. Workers at Boeing’s Seattle facilities approved the 
new contract by a margin of about 3,500, but it was rejected overwhelmingly at 

IAM leadership, which negotiated the new contract (AW Apr. 22. p. 37), was 
hard-pressed to restrain local walk-outs, particularly at Cape Canaveral, while it 
continued meeting with Boeing management, lire main membership objection 
was to the company’s system of performance analysis under which workers are rated 

Late last week Boeing issued a public statement which said: "It should be made 
clear that Boeing has not agreed to improve the contract over what was agreed 
upon . . . and have no intention of doing so . . . Boeing will live up to its part 
of the bargain and expects the union to do the same. Otherwise there can be no 

The 80-day no-strike injunction, invoked at Boeing under the Taft-Hartley law, 
expired Apr. 15. This left the government without further legal recourse to avert 
a strike. IAM membership at Boeing facilities totals approximately 30,000. 


Proper Focus, Firm Goals Urged 
For U.S. Military Space Program 


Dallas— U.S. military space program 
is floundering badly because it lacks 
a proper focus, according to Courtland 
D. Perkins, former deputy Air Force 
secretary for research and development. 

Perkins, who also was once USAF 
chief scientist and presently heads the 
aeronautical engineering department at 
Princeton University, told delegates at 
the American Institute of Aeronautics 
second manned space flight meeting 
here that doctrinal arguments for the 
military man in space receive little 
credence from the Administration be- 
cause they are poorly thought out. 

Air Force must focus on firm goals 
and development objectives to restore 
its decaying posture in the national 
space program, Perkins stressed. He 
suggested that emphasis be placed on 
Blue Gemini, X-20 (Dyna-Soar), Ti- 
tan 3 and a two-stage, winged recover- 
able booster. 

Shortly after this talk, Gen. Thomas 
S. Power, commander of Strategic Air 
Command, supported Perkins’ premise 
that the military space mission is not 
clear. Gen. Power offered as a possibil- 
ity for the first manned mission in space 
an orbiting command and control sta- 
tion for global strike forces. 

Perkins said the decaying USAF 
space role is due to a lack of credible 
first-line mission, development of highly 
sophisticated manned space vehicles by 
the National Aeronautics and Space 
Administration, parochial arguments 
over configuration of the space vehicle, 
poorly thought out doctrinal arguments 
for man in military space that rightly 
receive little credence by the Admin- 
istration, and large costs. 

He said the only military mission is 


surveillance, and beyond that mission, 
"the military is groping around for 
better state-of-the-art, better concepts 
and better argument to develop mili- 
tary space missions further.” 

USAF’s building-block programs were 
identified as Titan 3, Blue Gemini and 
Dyna-Soar. Perkins said that John 
Rubel, assistant defense secretary, feels 
that even these programs and associated 
applied research may be too much. 

Rubel “can only be proven wrong by 
better concepts, and above all, by 
better arguments,” Perkins said. 

Gen. Power is the first operational 
commander to discuss potential man- 
ned military space missions and the 
way these missions fit into the strate- 
gic forces of the U. S. These are the 
possible missions he summarized: 

• Command and control, to assure 

completely reliable two-way communi- 
cations between commanders and com- 
bat forces. Part of this manned system 
would be communications equipment, 
and another part would be operational 
data gathering and disseminating elec- 
tronic equipment. 

• Satellite inspection, to determine 
which of the growing number of satel- 
lites and space debris constitute an of- 
fensive threat. This might best be done 
by using a maneuverable spacecraft, 
manned by crews who can search out 
suspected weapons carriers, board them, 
and neutralize them if necessary. 

• Space defense, which would be space- 
based manned systems able to destroy 
enemy missiles during the boost or 
mid-course phases. 

• Space-to-ground offense, which, in 
effect, would be strategic spacecraft 
employed like strategic bombers. 


Gen. Power said the difficulty in the 
military space mission lies in selecting 
the best features of defensive, deterrent 
and building-block approaches so that 
the manned military system can mix 
with existing strategic forces to meet any 
future space threat. 

Perkins’ assessment of military mis- 
sions, listed in his order of probability, 
are support of ground activities using 
communications, navigation and weather 
satellites: reconnaissance and surveil- 
lance; inspection and interception; de- 
fense of U. S. space activities; defense 
against ballistic missiles, and offensive 
weapon delivery. 

He said that it has been impossible, 
as of now, to make a convincing case 
for a manned military space mission. 
He addded that defense of the building 
block system— Titan 3, Gemini and 
Dyna-Soar- "seems to be a function of 
various parochial interests, a situation 
which keeps these expensive programs 
in dire peril. 

". . • The most controversial program 
of all is Dyna-Soar, and this comes 
about because of its past history,” which 
has featured a series of re-orientations 
and mission changes. Dyna-Soar “has 
been massaged by everyone ... it is a 
miracle that it still survives." 

He said that Titan 3, Blue Gemini 
and Dyna-Soar “must be continued. If 
these drop out of the [military space] 
program, manned military space sys- 
tems are dead for the next decade." 

Contrasted to the current uncertainty 
of the military program, NASA has 
charted its program through the next 
two years when a decision may be made 
on developing a space station. Dr. 
Joseph F. Shea, deputy director of 
manned space flight for' systems, said 
the agency is unlikely to "start a new 
manned program until after funding for 
Apollo peaks in Fiscal years 1964-65. 
He expects the Lunar Logistics Vehicle 
to become a part of Apollo, costing 
$300-5400 million (see box, p. 26). 

Although NASA studies indicate that 
a space station will be the next major 
NASA manned program. Dr. Shea said 
the agency now has enough money to 
study in depth what the most meaning- 
ful next step will be. Current estimates 
are that a station could be orbited at a 
total cost of $2 billion, using a funding 
level of $300-5400 million annually. 

Dr. Edward C. Welsh, National 
Aeronautics and Space Council execu- 
tive secretary, said during a panel dis- 
cussion at Hie end of the meetings that 
U. S. policy calls for not placing weap- 
ons of mass destruction in orbit unless 
it is compelled to do so bv aggressive 
activities of others. 

Welsh said that, in his opinion, the 
U. S. should have a military space capa- 
bility ready to react in such an event, 
rather than waiting to launch a pro- 
gram after the enemy does. 
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CH-46A Helicopter Tested 
For Carrier Compatibility 
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McNamara Defends Decision-Making Role 


Washington— National security deci- 
sions affecting forces and weapon sys- 
tems must be made from a central point 
—the defense secretary— and not by a 
committee made up of representatives 
of the military services, according to 
Defense Secretary Robert S. Mc- 
Namara. 

"The nature of committees is to com- 
promise their special interests, which 
is not the same as making the decision 
from the point of view of the national 
interest,” he told the American So- 
ciety of Newspaper Editors here re- 

"Any secretary of defense must make 
certain kinds of decisions, not because 
he presumes his judgment to be su- 
perior to his advisers, military or civ- 
ilian, but because his position is the 
best place from which to make those 
decisions," he said. 

In a wide-ranging defense of his poli- 
cies, McNamara stressed economy and 
the necessity for military requirements 
to be responsive to national require- 
ments rather than those of the indi- 
vidual military services. But he de- 
fended the maintenance of separate 
military services over creation of a 
single unified service. 

Political Pressures 

He admitted that political pressures 
are applied to Defense Dept, officials 
when their decisions affect economic in- 
terests. “Such pressures are an intrinsic 
and necessary part of a democratic poli- 
tical process." he said. "There are a 
good many advantages in forcing public 
officials to listen to people outside their 
own staffs who do not share their views 
and assumptions. 

“But it is the duty of government of- 
ficials, representing the national interest 
rather than any smaller interest, to stand 
up to these pressures where what is 
asked cannot be reconciled with the 

When he entered office, McNamara 
found that the three services were estab- 
lishing their requirements independent- 
ly of each other. Army planning, for ex- 
ample, envisioned a long war of attri- 
tion, while Air Force envisioned a short 
nuclear war, he said. Consequently, the 
Army stated a requirement for stocking 
enough fighting supplies to last months 
in the event of a conventional conflict, 
while the Air Force sought supplies only 
for a few days. 

“The two combined could not pos- 
sibly make sense,” McNamara said. 
"What we needed was a coordinated 
strategy seeking objectives actually ob- 
tainable with the military resources 
available.” 

He found that each service had a dif- 


ferent idea of what kind of defense 
preparations were most urgently needed 
and what kind of wars would be fought. 

This same problem appears when the 
services recommend weapon systems, he 
said, “There is nothing wrong in that. 
It is inevitable. The services fight hard 
for their viewpoints. This is probably 
the greatest single advantage of having 
separate single sendees, instead of one 
unified service." McNamara said. 

“But as a practical matter, although 
it is important to consider a variety of 
alternative policies, at the end we must 
have one defense policy, not three con- 
flicting policies." 

It is the job of the secretary and his 
staff to see that there is one policy, he 
said, just as it is the job of the Presi- 
dent to see that the U.S. has one na- 
tional security police and not a senes 
of conflicting policies in the State. 
Treasury and other departments. 

McNamara also defended his policy 
of limiting the number of weapon sys- 
tems. "If we were to draft every sci- 
entist and engineer in the country into 
weapons development work we could 
still develop only a fraction of the sys- 
tems that are proposed." he declared. 

The proposed systems must be scru- 
tinized closely, he said, and the process 
of choice must begin with a require- 
ment that a proposed system would 
make a real contribution to national sc- 

He cited the North American RS-70 
Mach 5 aircraft as an example of a 
weapon system which fails to meet the 
basic requirement of making a signific- 
ant addition to national security. A 
modest force of RS-70s he said, would 
cost SI 0 billion. 

“I have no feeling about missiles 
versus bombers." he said. “If bombers 
serve our national interest, then we 
should be interested in bombers; if mis- 
siles. then we should be interested in 
missiles; if a mix, then we should be in- 
terested in the mix. 

"The RS-70 would carry no bombs. 
It would attack its target with a very 


MMRBM Contracting 

Washington— Selection of final con- 
tractors for the program definition phase 

missile (MMRBM) subsystems was com- 
pleted recently with the choice of the 
Martin Co.-Sylvania Electric Products. 
Inc., team to work on the command and 
control subsystem. 

Hughes Aircraft Co. was eliminated 
from work on this subsystem. Earlier, 
Hughes had been selcctixl for another 
subsystem (AW Nov. 19, p. 40). 


complex air-launched missile system 
from distances of hundreds of miles . . . 
The question is not bombs versus mis- 
siles. We are agreed it must be mis- 
siles. The debate is about alternative 
missile launching systems. And the 
particular launching platform and mis- 
sile system proposed in the RS-70 pro- 
gram just is not an effective means to 
accomplish the missions proposed to be 
assigned to it.” 

In reference to the Douglas Skybolt 
air-launched ballistic missile. McNamara 
said that it was tied to a bomber that 
needed the missile for clearing a path 
to the target. "One reason that it is 
now agreed that by the 1970s the tra- 
ditional manned bomber will be obso- 
lete is that by then wc anticipate it will 
be more costly to suppress air defenses 
in order to carry out an effective bomb- 
ing attack than it will be to attack the 
target directly by missiles," he said. 

McNamara urged restraint in pushing 
ahead uncritically on new weapon sys- 
tems. because each succeeding genera- 
tion is more complex. It is necessary’ to 
limit systems and keep them relatively 
simple, he said. Eventually, a point is 
reached where the advantage of adding 
a new system is outweighed by the 
effect of the additional complexity, he 

Reduced Dependability 

He has been disturbed by the tend- 
ency toward too many weapon sys- 
tems. “Not only do the proliferation 
and complication of weapon systems 
reduce dependability, but they also are 
major factors contributing to enormous 
excess inventories of parts of equipment 
—excesses which todav amount to over 
SI 2 billion." he said. 

It was this kind of consideration that 
had a great deal to do with the F-lll 
(TFX) bi-service tactical fighter deci- 
sion, McNamara said. He said that the 
decision to substitute a single aircraft 
for the two the services had planned was 
the key issue, rather than the choice of 
a contractor. That decision will save SI 
billion, he said. 

"Both contractors presented accept- 
able designs, each capable of meeting 
the military requirement, and with little 
to choose between them on the basis 
of performance." he said. 

McNamara credited the previous ad- 
ministration, when Thomas S. Gates, 
Jr., was defense secretary, for giving 
strong support to the Polaris and Min- 
uteman Ballistic missile programs. He 
noted that these programs have been 
increased since then, and that the num- 
ber of nuclear warheads in the strategic 
alert forces has been doubled in the 
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Northrop X-21A laminar How control aircraft approaches Edwards AFB, Calif., after flight from Norair Div. plant (AW Apr. 22, p. 37). 

First Photos Show Northrop X-21A Maiden Flight 


Titan 3C Transtage Successfully Tested 

Ablative thrust chamber for Titan 3C transtage engine was successfully tested 
recently at 8,000 lb. thrust for 9 min. (two short duration firings) with no noticeable 
degradation to the oriented glass-fiber lining at Aerojet-General Corp.’s Propulsion 
Div., Azusa, Calif. 

under a c«t-phis-inccntivcTec contract'to’.Air Force’s Space Systems Div., tested^hc 
thrust chamber 45 days ahead of schedule. Chamber temperatures of 5.000F were 
reached. 

Sacramento is presently under way and will be completed by this summer. Limited 
tankage facilities at the Azusa, Calif., plant allow only short-duration test firings. 

North American Aviation under a recently awarded S3.1-miilion subcontract from 
Martin-Marietta Corp. System includes eight attitude control rockets. Attitude 

transtage— 50-50 mixture of hydrazine and unsymmctrical dimethyl hydrazine with 
nitrogen-tetroxide as the oxidizer. 


Use of Centaur on Titan 2 Studied 
As Possible Booster for Surveyor 


Manned Orbiting Lab 
Study Bids Sought 

Washington— Effort toward develop- 
ment of an early space station was set 
in motion last week when the National 
Aeronautics and Space Administration 
asked for industry proposals on a study 
of an orbital laboratory that would sus- 
tain as many as four men for up to a 

Requests for proposals on compara- 
tive studies were sent out by NASA’s 
Langley Research Center. As a guide, 
the NASA proposal request included 
the outline of a laboratory that would 
be launched by a Saturn 1 or IB 

NASA's guideline laboratory would 
be manned by four crew members, three 
of whom would be rotated. One man 
would remain in flight for a full year to 
assess the effects of long-term weight- 
lessness on the human system and per- 

NASA said the laboratory', unmanned, 
would be launched from the Atlantic 
Missile Range into a circular orbit. After 
a checkout period in orbit, two crew 
members using a Gemini spacecraft 
would ascend to the laboratory’s orbit, 
rendezvous, dock and then board the 
station. 

Two more crewmen would join the 
laboratory later by utilizing the same 
method. 

In the proposed NASA mission, re- 
supply flights and crew changes would 
be made at intervals of 90 days or less. 

Although NASA does not now have 
an approved space laboratory program, 
it is evident that the agency is leaning 
toward a space station program as a 
necessary step in determining the re- 
quirements and possible effects on man 
of long, post-Apollo planetary missions. 

If a space laboratory program is ap- 
proved, the studv proposals which 
NASA is now seeking would be followed 
by a contract with a single firm for a 
preliminary design, including mockups 
of the laboratory and resupply vehicle. 

Manned Spacecraft Center at Hous- 
ton is examining industry proposals on 
studies for larger manned space labora- 
tories (AW Apr. 1, p. 70). Develop- 
ment of these space stations, with crew 
capacities up to 36 persons, would fol- 
low that of the smaller space laborator- 

NASA headquarters has invited 1 1 
contractors to answer a long series of 
questions on space stations, with the 
hope that the answers might consolidate 
and clarify the many space station con- 
cepts that have been formulated in 

Proposals on the Langley request arc 
due by May 14. Contracts for the com- 
parative studies will be for about three 
months. 


Washington— Martin Co. will study 
the feasibility of mating the General 
Dynamics/Astronautics Centaur liquid 
hydrogen-liquid oxygen fueled space 
vehicle to its Titan 2 booster for use in 
the Surveyor space probe program, and 
for possible Air Force applications. 

Martin’s Denver Div. has received a 
$325,000 contract for the study from 


NASA Budget Requests 

Dallas - House subcommittee for 
manned space flight has not found any 
“sore spots" in the National Aeronautics 
and Space Administration’s Fiscal 1964 
budget request and docs not feel that a 
10% cut, as suggested by other congress- 
men, can be made. Rep. Olin Teague 
(D.-Tcx.), stated during the second 
manned space flight meeting here. 

Teague indicated tliat the most likely 

NASA requests for facilities. 8 There arc 
a number of things in the field of facili- 

year, he said. Teague acknowledged, 
however, that there will be some strong 

gram spending, particularly in light of 
recent remarks by Dr. James R. Killian, 
Jr., and Dr. James Van Allen, who have 
expressed discontent with the scale of 
the lunar program. 

Teague also stated that attempts to 
sell the space program on the grounds of 
the gains it will provide for the U. S. in 
international prestige rests on weak 
ground, since this could be done quicker 


the National Aeronautics and Space Ad- 
ministration’s Lewis Research Center 
at Cleveland. 

Centaur has been designed for use 
with the Atlas booster to produce a 
combined capability of putting an 
8,500-lb. payload into a 300-mi. orbit 
or putting a 2,300-lb. payload into an 
escape trajectory'. The vehicle, powered 
by two Pratt & Whitney RL10A-3 
engines developing 15,000 lb. of thrust 
each, has experienced development 
troubles, especially in its structural in- 
tegrity in relation to carrying cryogenic 
materials. 

Centaur had been intended for use 
in the Mariner planetary probe and Sur- 
veyor lunar programs, but because of 
the slippage, the Lockheed Agena vehi- 
cle was substituted. 

Martin will determine what the Titan 
2-Centaur capabilities would be in soft- 
landing the Surveyor spacecraft on the 
moon and other applications. Possible 
Air Force uses would have Titan 2- 
Centaur performing Agena-typc mis- 
sions with heavier payloads. 

The studies will provide exact per- 
formance figures. The Titan 2-Centaur 
combination is expected to be able to 
place an 11,000-lb. payload into a 300- 
mi. orbit and place a 3,000-lb. payload 
into an escape trajectory'. Titan 2 
weighs 330,000 lb. at launch. Centaur 
weighs 34,300 lb. without payload, is 
10 ft. in diameter and 30 ft. long. 

Martin will provide preliminary de- 
sign analysis, mission performance analy- 
sis, requirements for ground support 
equipment and launch facilities and de- 
velopment plans including scheduling 
and funding. 
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French Demonstrate Mirage 4 Inflight Refueling 

Mirage 4 bomber (left) is the number 03 prototype which is being used currently by the French air force to test inflight refueling 
methods. Tanker, using the Douglas buddv system, is the Vautour attack bomber being utilized bv the French primarily to familiarize 
pilots with refueling techniques prior to an expected delivery of 12 Boeing KC-135 tankers. Although the KC-135 utilizes a boom 
instead of the buddy system probe and drogue method, the U. S.-built tankers can be adapted for this type of inflight refueling. 'Phi 
U. S. recently reassured the French that the banker deal would go through. Tire Vautour lacks both the long range and capacity to 
give the Mirage 4s the long range the French want, but French officials claim that the bombers could still get to their targets, though 
the return flight would be doubtful. At the same time, the French are conducting buddy svstem refueling tests with navy Etcndard 
fighters at the Istrcs Test Center. Refueling missions arc being carried out at altitudes of 33,000 ft. and at speeds of Mach .9. 


NATO Intercept Control Decision Nears 


By Cecil Brownlow 

Paris— Top-level decision affecting the 
Lockheed F-104G’s capability as an in- 
terceptor and West Europe’s defense 
posture in general is scheduled to be 
made within the North Atlantic Treaty 
Organization before the end of May. 

Decision, which could have far-reach- 
ing political and military ramifications, 
centers around the type of ground in- 
tercept monitoring-control system that 
should be adopted for use within the 
NATO countries for vectoring aircraft 
and ground-to-air missiles onto invading 
targets. As originally conceived three 
years ago. the svstem svould have ranged 
across the NATO complex, from Nor- 
way in the north to the tip of the boot 
of Italy in the south. A modified ver- 
sion still may be implemented, but the 
timing for the program already has 
slipped badly, and indications are that 

Equipment under the original plan 
essentially would be European de- 
veloped and produced— British radar 
units and French computer systems. 

The U. S., however, has now balked 
at suggestions that it should increase its 
financial commitments toward develop- 
ment and installation of the system, 
officially designated Nadge (NATO Air 
Defense Ground Environment), whose 
costs have been spiraling upxvard since 
its inception. 

West Germany, in a related move, 
has a current need for a control system 
lo mate with its F-104Gs now going 
into operational service and feels that 
it cannot accept any more delays. As 
a consequence, it now is considering 
direct purchase of the General Electric 


41 2L system, units of which already 
are in service with the U. S. Air Force 
in West Germany, for use on a national 
basis in conjunction with its T'-l 04s 
and Nike and Hawk missile battalions. 

Major U. S. demand is that Nadge be 
modified and reoriented toward a 
simpler, less-costlv system. With most 
of the policy direction coming from 
Washington rather than from Ameri- 
can representatives in Paris, the U. S. 
has rejected proposals from other coun- 
tries that the individual sites be placed 
underground in order to reduce their 
vulnerability to direct enemy attack. 

Another U. S. contention is that— 
for the F-104 at least-thc aircraft can 
be vectored to a general area of inter- 
ception and then lock on to an indi- 
vidual target without active, precise 
control from the ground as the original 
Nadge plan envisioned. Instead the air- 
craft could use, proponents of the U. S. 
position say, its own relatively sophisti- 
cated radar-directed fire control svstem 
for the final kill. 

Primarily, the U.S. is still anxious 
over its adverse gold flow to Europe and 
is unwilling to boost its dollar commit- 
ments to Nadge when it feels such a 
move is largely unnecessary. As origi- 
nally conceived, the program would 
have cost an estimated $300 million. 
Under its multi-lateral commitments 
within NATO, the U. S. agreed to 
pay 30.86% of this total cost for 
development and installation of Nadge. 

Delays, refinements and technical 
problems subsequently pushed the es- 
timate to approximately $900 million. 
The U. S. has been unwilling thus far 
to accept this total in so far as its 
percentage increase is concerned, and 


its stand touched off a review of the 
program as a whole within NATO 
last December. 

What the review will recommend 
when the decision becomes known next 
month has triggered new concern within 
the four European NATO nations that 
have ordered the F-104. a weapon sys- 
tem that has been under intermittent 
attack in Europe since its selection by 
these countries in I960 for a variety 
of reasons— one of them political. 

Aside from West Germany, the other 
NATO countries involved are The 
Netherlands. Italy and Belgium, the 
latter of which has been the most 
vocal over its concern with the 
future of Nadge. The Belgian air 
force chief of staff recently said that 
the F-104G, without Nadge. would 
be virtually useless as an all-weather 
interceptor. 

He emphasized, however, that the 
same would be true for any other ad- 
vanced aircraft, including France’s Das- 
sault Mirage 3 and England’s English 
Electric P.l— two other competitors in 
the original competition with the F-104. 
He also said that the Starfighter 
would still be "perfectly suited” as a 
fighter-bomber and reconnaissance air- 
craft with or without Nadge. 

Some reports interpreted this as a 
flat denial of the F-104 as a weapon 
system. The Belgians deny any sucl. 
import, but the implication remains 
that they feel Nadge may be dead 
because of U. S. resistance to the cost 

This, in turn, the U. S. denies. It 
maintains that it remains willing to 
support an “acceptable” control system 
at an acceptable cost figure. 
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Senate Role in Private Company 
Questioned in Comsat Firm Debate 


By Katherine Johnson 

Washington— Question of the pro- 
priety of the Senate injecting itself 
into the affairs of Communications 
Satellite Corp. by confirming its 14 
incorporators was raised in floor debate 
last week. 

The law enacted last year to estab- 
lish the corporation designates it as 
a "corporation for profit which will 
not be an agency or establishment of 
the U.S. government.” 

"The proposal that the Senate par- 
ticipate, through confirmation, in the 
election of the management of a 
corporation which is wholly private in 
nature is unprecedented,” Sen. Albert 
Gore (D.-Tenn.) said. 

The Senate late last week rejected 
this Constitutional challenge presented 
by Sen. Wayne Morse (D.-Ore.) by a 
75 to 15 vote, and then confirmed the 
incorporators by voice vote. The in- 
corporators, nominated by President 
Kennedy, will also serve as the initial 
board of directors (AW Mar 18, p. 35). 

The minority who questioned the 
constitutionality, as well as the pro- 
priety, of Senate participation in pri- 
vate management emphasized repeatedly 
that they had no doubts concerning 
the qualifications of any of the 14 
incorporators. 



Presenting their viewpoint. Sen. Gore 
said: "This whole procedure should be 
a matter of deep concern to all who 
support private enterprise and condemn 
what is frequently characterized as 
government interference in private bus- 
iness. The principle at stake is a far- 
reaching one. 

"What about General Motors? This 
giant corporation has many government 
contracts. Is the interest of the gov- 
ernment such that we ought to pro- 
vide for presidential appointment— with 
or without Senate confirmation— of 
some of the directors of that company?” 

Sen. Estes Kefauver (D.-Tenn.) 
noted that the "obligation” of the 
directors will be to sene the corpora- 
tion’s private profit interests. 

The 14 incorporators will serve until 
the stock is floated and a new board 
of directors elected and appointed. Six 
of the directors will be elected by 
holders of public stock, six by the 
holders of stock available only to com- 
munications common carriers, three will 
be appointed by the President. 

Some senators anticipated the mat- 
ter of government participation in pri- 
vate enterprise will become more acute 
with the organization of the permanent 
board. They noted that it will involve 
whether the first loyalty of the three 
presidentially-appointed directors is to 
the President, and the Senate which 
will be required to confirm them, or to 
the private corporation. 

“Whenever the confirmation of a 
nomination to the board of directors 
comes before the Senate, some member 
or group in the Senate may feel the 
necessity of inquiring into all facets 
of the operation of the corporation," 
Sen. Gore said. 


News Digest 


Delta Air Lines placed a S50-million- 
plus order with Douglas last week for 
15 DC-9 short- to medium-range trans- 
ports and spares. The airline also took 
an option on an additional 1 5 aircraft 
(AW Apr. 22, p. 39). First deliveries 
of the aircraft probably will be in 1966, 
although no firm date has been selected. 

North American X-15 research air- 
craft will attempt to set a new world 
altitude record of 350,000 ft. this sum- 
mer. Two build-up flights are to be 
made in preparation, the first in May 
to 200,000 ft., and the second to 310,- 
000 ft. 


Tu-114 Delays Pershing 

Army-Martin Pershing missHc'lvas dc- 
lavcd 20 min. last week by an Aeroflot 
Havana-bound Tu-114 two days behind 
its normal schedule passing through 
Warning Area W-497-A on the Atlantic 
Missile Range. 

Normally the westbound Tu-114 ap- 
proaches tile U.S. coast on a heading 
of 220 deg., entering the warning area 
about 150 mi. east of Cape Canaveral. 
At 27 deg. north latitude and 79 deg. 
30 min. west longitude, a point 25 mi. 
northeast of Palm Beach, the flight turns 
to a 180 deg. heading, continues to 24 
deg. north— which is roughly parallel to 
Key West— and there turns southwest for 
the final leg into Havana. 

The required Federal Aviation Agency 
IFR clearance through the zone is usu- 
ally obtained well in advance by the Rus- 
sians and shots seldom are scheduled 
at the Cape on Mondays. The return 
flight on Wednesdays could cause con- 
flicts, but the Pershing shot was the first 
so far actually to run into a hold. Six 
different Tu-114s have flown the route 
and the navigation is usually accurate. 

Firing of the Pershing, the last at the 
Cape, was scheduled for Apr. 23. but was 
postponed until noon the following day. 

cause of mfnor technical problem. Then 
at about T -5, the Tu-114 was picked 

until" it cleared the area. The missile 
finally was launched at 3:40 p.m. and 
landed within 200 yards of its target. 


Federal Aviation Agency expects to 
meet the May 1 deadline for submission 
of supersonic transport recommenda- 
tions to Vice President Lvndon B. John- 
son (AW Jan. 21, p. 40). All FAA 
data on the supersonic transport was 
assembled last week, and the final re- 
port from the 10-man advisors' com- 
mittee was expected shortly afterward. 

Piper Aircraft is developing a 235- 
hp. version of the PA-28 Cherokee four- 

been running strongly in favor of higher- 
powered versions of the aircraft. 

De Havilland Blue Streak launcher, 
which will be shipped by sea to Woo- 
mera Rocket Range in Australia, is now 
getting final checkout and calibration 
at Spadeadam rocket establishment. 

Research Advisory Committee on bio- 
technology has been formed by National 
Aeronautics and Space Administration 
to review current programs and recom- 
mend future efforts in that field. Dr. 
Charles I. Barron, medical director of 
Lockheed-California and president of 
Aerospace Medical Assn, is chairman. 

33 


AVIATION WEEK & SPACE TECHNOLOGY, April 29, 1963 


AIR TRANSPORT 


U.S. Reveals Liberal International Policy 


Long-delayed air transport statement stresses com- 
petition over demands for foreign carrier restrictions. 

By Robert H. Cook 

Washington— U. S. will employ a more liberal and realistic “free enterprise” 
philosophy in future negotiations with foreign governments under the new 
international air transport policy released last week. Details of the controver- 
sial policy were first reported by Aviation Week & Space Technology (Sept. 
10, 1962, p. 53). Official disclosure of the policy was repeatedly delayed (AW 
Apr. 8, p. 40). 

The policy statement, an unexpectedly brief and vaguely worded document 
of only 15 pages, takes the attitude that it is far more practical for U.S. flag 
carriers to pin their hopes for a greater share of the growing international 
market on their ability to compete, as opposed to demanding restrictive pro- 
tection against foreign airlines. As a result, the U. S. will “oppose arbitrary 
capacity restrictions” or any abuse of capacity restriction permitted under the 
present Bermuda Agreement, the statement said. 


This would apparently work both 
ways, since U. S. flag carriers have coni- 

E laincd of significant capacity violations 
y their foreign competitors, and the 
U. S-, in turn, has failed in several 
attempts to restrict capacity or reduce 
schedules flown by foreign carriers on 
North Atlantic routes. 

The policy states that if the U. S. is 
unable to arrive at an acceptable capac- 
ity rate with a foreign government and 
capacity violations continue, the prac- 
tice will be resisted under consultation, 
arbitration, and in the last analysis, de- 
nunciation and renegotiations” of var- 
ious bilateral agreements. 

On the basis of this statement, most 
observers are uncertain just how far the 
U. S. would go with such action or what 
negotiation weapon could be employed. 

However, the policy that will be 
shown to foreign nations will not be the 
skeletal document released in this coun- 
try, informed sources contend. It will 
be the original 600-pagc working docu- 
ment containing every detail of the 
policy. It will provide a powerful bar- 
gaining tool based on the value of the 
U. S. as a market area for the balance 
of the world’s airlines, these sources 
said. It can be expected to exert a 
strong influence in U.S. attempts to 
"persuade” more cooperation from for- 
eign governments. The complete docu- 
ment will not be released to the public, 
they said. 

Generally, the policy does not con- 
template any abrupt changes, preferring 
to retain the basic working framework 
of the old policy, but placing more em- 

E basis on using its provisions more cf- 
ictively. 

In a bid to retain the status quo of 


the international airline structure, the 
policy announces that it will “hold the 
line” on air fares; seek greater reciprocity 
in route negotiations with foreign gov- 
ernments; retain a balance of U.S. 
flag competition across the North At- 
lantic; oppose the idea of airline pool- 
ing; seek lower cargo rates; develop a 
system of user charges to apply to all 
international carriers, and give greater 
emphasis to foreign aid needed to de- 
velop internal and regional aviation 
programs. 

Several portions of the statement 
seem to indicate that the proposed Pan 
American World Airwavs-Trans World 
Airlines merger will be turned down by 
the White House, and that the forma- 
tion of such European pools as Air 
Union might be abandoned if the mer- 
ger is not approved. 

“Government flexibility in imple- 
menting international political and avi- 
ation policies would be reduced if the 


BE A Trident Order 

the state-owned airline, will take up its 
option on 12 more de Havilland Trident 
1C three-jet transports and will nego- 
tiate a further option for the stretched 
IE and IF models, Anthony Milward. 
BEA chief executive, said last week. 

By 1968-70, BEA envisions being a 

chisivcly. Decision, if continued through 
the next option, puts Trident orders at 
70 to 80 airplanes for BEA alone. Ini- 
tial order is for 24 and three more have 
been sold to Kuwait Airlines. 


interests of any single carrier became, 
over the long run, too dominant a factor 
in U. S. aviation policy,” the statement 

In another area, the policy said, “we 
should continue to aim for a U.S. car- 
rier system in which one U. S. flag 
carrier has access to world markets on a 
scale comparable to that of the flag car- 
riers or combinations of flag carriers of 
other major civil aviation powers, and 
other U.S. carriers continue to be au- 
thorized to serve one or more areas of 
the world in over-all competition with 
this carrier.” 

While the policy noted that the 
impact of mergers was not taken into 
consideration, and neither Pan Ameri- 
can nor TWA were identified, most ob- 
servers concluded that the policy con- 
templates keeping these carriers in 
their present form, with an idea of 
realigning their routes later along lines 
suggested by the Civil Aeronautics 
Board. CAB earlier recommended that 
competition between the two be reduced 
by having Pan American serve London 
and Frankfurt and TWA serve Paris 
and Rome. The policy added that 
competition between U. S. flags would 
require “considerable study.” 

Efforts by Pan American supporters 
to push the merger in Congress, finan- 
cial institutions and unions delayed 
release of the policy for several months. 
Wording of the statement and emphasis 
that mergers were not considered in 
its formation led manv observers to 
believe that the policy is written in- 
tentionally to avoid any direct criticism 
by the airline on this issue. 

In the unlikely event that the mer- 
ger is approved, adherence to the new 
policy would probably result in addition 
of a new U. S. carrier in direct competi- 
tion with the merged company. 

This possibility was conceded by 
Federal Aviation Agency Administrator 
N. E. Halaby, chairman of a special 
committee ordered to undertake the 
policy study by the White House last 
September. 

In apparent reference to Air Union, 
the policy cautioned that "our dealings 
with foreign carrier pools must be on 
a case-by-case basis. We must not 
encourage pools which substantially re- 
duce competition to the detriment of 
the system we seek.” 

Cause for U. S. concern on this issue 
is that the foreign flags of Italy, France, 
Germany and Belgium would eventiv 
ally bargain capacity rights on a group 
basis. If this were done, access to 
traffic within the four nations would 
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technically become cabotage, available 
only to Air Union members. In turn, 
U.S. flags now serving these countries 
under Fifth Freedom rights would 
find such traffic reclassified and illegal. 
As an example, TWA, which has 
traffic rights between Paris and Rome, 
could be forced to drop this traffic and 
temiinate its Atlantic flights at Paris. 
IATA Fares 

Current international disagreement 
over CAB refusal to approve an Inter- 
national Air Transport Assn, fare in- 
crease over the North Atlantic is also 
believed responsible for a policy recom- 
mendation that legislation be adopted 
giving the Board authority to control 
fares set by all airlines operating into 
the U.S. Majority of foreign nations 
have this power, but CAB is limited 
solely to approving or rejecting the 


Douglas-fle Havilland Pact 

Long Beach, Calif.-Douglas Aircraft 
Co. signed a $6S-miIlion sharc-the-cost 
agreement with dc Havilland Aircraft of 
Canada last week for development and 

nents. The agreement was the first an- 
nounced by Douglas under its new sub- 
contractor expense-sharing program (AW 
Apr. 15, p. 40). 

De Havilland will build wings, tail 
cone fairing sections of the aft fuselage 
and horizontal and vertical stabilizers at 
its Malton, Ontario, plant. Work will 
begin in July, with first deliveries to 
Douglas scheduled for August, 1964. 
Douglas first noted its intention to sub- 
contract major portions of the DC-9 to 
Canada at its annual stockholders meet- 
ing (AW Apr. 20, p. 30). 


unanimous fare recommendations filed 
by IATA. 

The policy observed that the IATA 
function should be maintained as the 
most practical method of handling fares 
on an international basis, but that the 
U. S. would continue to press for rea- 
sonable rates. More "direct govern- 
ment-to-govemment discussions” initi- 
ated by the U. S. were also called for. 

The Board's rejection of the IATA 
fare is the first time any government 
has taken such action since the organi- 
zation was formed. Foreign objection 
to the action is directed more at the 
fact that CAB waited so long to arrive 
at a decision, than to the economics of 
a 5% increase in round-trip interna- 
tional economy fares. 

Failure of the U. S. to reach a new 
agreement with the foreign govern- 
ments on this issue would force U.S. 
flags to charge the higher rates or risk 
the possibility of being refused entry 
at many foreign points. Should this 
happen, the only recourse left to CAB 
would he a time-consuming and costly 
re-opcning of bilateral agreements with 
the countries involved. 

North Atlantic Route 

Noting that the present network of 
international air routes is fully devel- 
oped. the policy will strive to limit the 
number of carriers on such heavily 
traveled routes as the North Atlantic, 
which is now served by 19 airlines. In 
addition, new applications for entry 
into the U. S. will be judged solely 
on the basis of reciprocity, so that U. S. 
flags will be assured of as much traffic 
benefit as the foreign country’s carriers. 

Despite the policy's general theme of 
“liberalization,” this stand on reciproc- 
ity seems to indicate the U. S. will 


remain firm in its refusal to give such 
cities as Los Angeles to the Dutch for 
KLM, or to the Italians for Alitalia. 

U.S. flags may expect some help 
from the policy in areas where they have 
long battled uneven odds as a result of 
frequency limitations imposed legally 
or illegally bv foreign governments. 
Most notable areas of such restriction 
have been in some Latin American 
countries and newly emerging African 
nations that have added restrictions 
under former bilateral agreements signed 
with the U. S. by the British. 
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CAB ‘Goals’ Report Draws Little Support 


Washington— Civil Aeronautics 
Board’s attempt to formulate long- 
range aviation goals has stirred a flurry 
of controversies among CAB's own staff 
experts, the entire airline industry and 

The report’s major recommendations 
call for more intensive U. S. bargaining 
with foreign governments as a means 
of combating foreign airline competi- 
tion; reducing competition between 
domestic airlines by penniting only 
two carriers on a route; holding air 
fares as low as economically possible; 
reviewing and possibly realigning pres- 
ent route systems to provide more 
balanced competition, and a long-range 
reduction of local sen-ice subsidy. 

Comments on a first draft of the 
report "Goals of the CAB," indicate 
that individual airline positions will 
be little influenced by its recominenda- 

Trunklines will continue to cither 
support or oppose competition and mer- 
gers as dictated by their own interests. 
Local sendee airlines favor a reduction 
in subsidy, want more points from 
trunk routes, but oppose any move that 
would arbitrarily cut their subsidy col- 
lections at a fast rate. International 
carriers support the report’s findings of 
excess foreign competition and favor 
a stronger U. S. defense of their needs. 

Reviewing the report’s recommenda- 
tions, which were made by CAB 
Planning Officer David Bluestone, and 
the 30 detailed replies received from the 
102 organizations contacted, the CAB 
staff concluded that the report concen- 



trated too much upon improving the 
financial health of the airlines, as op- 
posed to providing greater benefits for 
the public, and that many of the issues 
raised are not supported by facts and 
can only be decided by the CAB after 
a full procedural hearing. 

Typical reactions to key issues: 

• Reduced competition. The pending 
American-Eastern merger and North- 
east’s bid to renew its Florida routes 
probably accounted for the interest 
displayed in the report’s recommenda- 
tion that competition on many routes 
be restricted to only two carriers. Six 
airlines approved the idea, five carriers 
and two government agencies disap- 
proved, and two other carriers seemed 
undecided. 

CAB staff disagreed with this goal, 
noting that “competition can exist 
only under circumstances in which avail- 
able capacity exceeds traffic potentials 
. . . competition in and of itself must 
inevitably constitute a burden during 
some time periods in some markets. 
As a matter of fact, it is the pressure 
for relief from this burden that provides 
in large part the motive for improved 
efficiencies and technological advances 
commonly attributed to competition.” 
The staff termed the proposal an over- 
simplification of a complex problem. 

• Route realignment through mergers 
was also attacked by the CAB staff, 
which doubted that this would be an 
improvement over the present method 
of establishing routes. In addition, the 
staff said, "some conceptual master 
plan" could result in “unbalanced car- 
rier systems.” The staff said, "it is 
questioned, therefore, whether the de- 
sirability of mergers in itself constitutes 
a goal,” since mergers are only one 
means of route realignment. 

• International competition and U. S. 
bargaining power also came under staff 
fire because of the new U. S. interna- 
tional air transport policy (see p. 34) and 
Bluestone's recommendation that the 
U. S. make greater use of its superior 
bargaining power. The “Goals” report 
should first be revised to agree as much 
as possible with the international policy, 
and then become more specific by point- 
ing out how the Board believes the ob- 
jectives of the international policy can 
be realized, the staff said. 

“The superior bargaining power of 
the U.S. is shortsighted inasmuch as; 
the traffic balance could shift and U.S. 
aircraft productive facilities are becom- 
ing increasingly dependent upon world 
aviation markets. The long-range well 
being of U. S. air transport will be best 
served by policies which will enhance 
the economic competitive position of 
U. S. carriers, rather than by restrictive 


policies which will inevitably invite re- 
taliatory measures.” 

• Subsidy recommendations brought a 
repeat of earlier stands taken by both 
trunk and local sendee carriers, but one 
source, identified only as “the other or- 
ganization,” emphasized the "hypocrisy 
of authorizing billions of American dol- 
lars in foreign aid to nations of question- 
able and even known hostility while at 
the same time adopting a miserly atti- 
tude towards a fraction of these dollars 
for transportation aid to some of our 
own American communities.” 

CAB staff comment on the question 
warned that "the goal of reducing sub- 
sidy as a matter of budget scheduling 
could result in a haphazard route struc- 

plcx. unless the budget, as scheduled, is 
a reflection of previously defined and 
attained goals.” 

• Low fare levels. Any attempt to set 
fare levels at a rate comparative with 
those in a free competitive market, as 
suggested by the Goals report, would 
not work in a regulated industry, the 
staff contended. However, the staff con- 
curred with the report’s recommenda- 
tion that further study be made of the 
effect of various fares on traffic growth. 

In particular, the staff emphasized, 
the Board should keep promotional fares 
“under constant surveillance” so that if 
they are found unjust, immediate pro- 
ceedings may be instituted to protect 
airlines that might be adversely affected. 

"Promotional fares are almost always 
discriminatory, preferential, or pre- 
judicial, and the possibility that such 
fares are unjustly discriminators' or un- 
duly discriminatory is ignored.” 

• Safety. The report omitted any men- 
tion of Federal Aviation Agency and 
CAB air safety enforcement functions 
and should be amended to include this 
information, the staff commented. 
Long-range studies for air safety should 
also be undertaken with FAA and other 
parties such as military, space and com- 
munications agencies, the staff added. 


Air-India Decision 

Air-India lias 

ccidcd that it will rclv 

on U.S. manufa 

etured aircraft and en- 


ext 10 years. Carrier 

switched to Pra 

& Whitney JT3D-3 

turbofans on its 


707-320, seeking 


available with R 

Ils-Rovce Conwavs. 

Air-India also 

has completed repairs 


20 which was damaged 

bv fire last Decen 

ber at Bombay's Santa 

Cruz Airport. Fi 

e. attributed to a leak- 

mg oxvgen bottle 


age costing $2,200,000 to repair. 
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Third 727 Makes First Flight 


Third Boeing 727 transport made its initial flight recently from Renton Municipal 
Airport. Wash. Plane w3s airborne 2 hr. 3 min. during which time general performance 
of the aircraft was checked. At the same time, the first 727 completed flight stnictural 
dynamic damping tests. First two 727s have logged over 100 hr. of flight test time. 

Pan Am-Panagra Move Opposed 


Braniff International Airways will op- 
pose the Pan American World Airways 
acquisition of Panagra, a move agreed to 
bv the W. R. Grace Co. as a preferable 
alternative to a long period of uncer- 
tainty awaiting disposition of the Pa- 

Because of the unpredictability of the 
attitude of the Civil Aeronautics Board 
to the acquisition, Panagra at the same 
time is unlikely to drop its interest in 
route extensions from Panama to the 
U.S. cast and west coasts or in the 
South American Route Case now before 
the Civil Aeronautics Board. 

Crace owns half interest in Panagra 
and Pan American the other half. The 
Dept, of Justice had won lower court 
decisions that would have required Pan 
American to divest its Panagra interest, 
but the Supreme Court dismissed the 
case and returned it to the Civil Aero- 
nautics Board, ruling that the Board had 
the authority to decide such anti-trust 
issues and that the Board should use the 
authority in this case. 

Coupled with Grace’s recent sale of 
Cosden Petroleum, the Panagra move 
lias raised questions of whether Grace 
may be embarked on a general policy 
of divestment of diversified subsidiaries 
to concentrate on its chemical interests. 
Grace, however, appears to be more con- 
cerned with the uncertainties, not only 
of the anti-trust case but also those 
presented by the route case, if it chose 
to retain its Panagra shares, perhaps 


attempting to buy out Pan American. 

Braniff President Charles E. Beard 
said that the sale would give Pan Amer- 
ican a practical U. S. flag monopoly in 
South America and would hamper 0. S. 
government efforts to resolve South 
American air transport problems. 

In its petition to the Board, Pan 
American contended on the other hand 
that the sale would eliminate the dual 


ownership anti-trust problem, simplify 
the CAB’s ability to deal with the South 
American Route Case, and would not 
prejudice the Board s ability to proceed 
against Pan American on this or other 

Some effort for a Braniff-Panagra 
merger had been made, but has since 
been dropped. Braniff and Panagra 
compete on South American west coast 
routes. But Panagra’s authority ends at 
the Canal Zone, and it senes Miami 
through an interchange with Pan Ameri- 
can. using Panagra equipment and 
crews, and Miami-New York through an 
interchange with National Airlines. Pan 
American senes the east coast of South 
America. 

Terms of the sale call for either a cash 
payment of SI 0,623.000 for the 30,000 
Panagra shares owned bv Grace, or 391.- 
000 shares of Pan American stock. The 
cash price is. in effect, a minimum, 
since the market price of the 391.000 
shares currentlv is approximated S13,- 
000,001). 

Panagra has reported a net profit 
of SI, 260,000 for 1962 on revenues of 
S23 million, an increase from a profit 
of S3S2.000 on revenues of S23.440.000 
the year before. 

To avoid questions of control by 
Grace of Pan American, the agreement 
provides for the stock to be held by a 
trustee— a New York bank or trust com- 
pany— and voted as the majority of Pan 
American’s stock is voted on any issue. 
Sale of the stock by Grace also carries 
restrictions to prevent blocs larger than 
25,000 shares being sold to any single 

Panagra will continue to be operated 
independently, with no change in its 
present routes or employe status, until 
the Board’s decision. 


Pan Am Shows $15-MiIlion 1962 Income 

advocated by Juan T. Trippc. president of Fan American World Airwavs, in his 
carrier’s 1962 annual report. 

Report shows that Pan American had a net income of S15.007.000 in 1962 com- 
pared with S8.927.000 in the previous year. 

Trippc said that if European air carriers and their governments would accept 
reasonable reductions in transatlantic fares, “everybody would gain.” 

Although Pan American’s share of transatlantic passengers declined from 24.5% 
in 1961 to 22.8% last year, the airline still recorded an 18.4% increase in system- 
wide passenger totals, living 4.495,000 persons. Passenger revenues of $365,100,000 
were 9.4% greater than in 1961. while the system load factor declined one point 
to 58%. 

Carrier’s total operating revenues of $503,916,000 was $43,549,000 more than in 

1961, and marked the first time these revenues exceeded $.5 billion. Operating 
expenses increased 524.758,000 to $458,899,000. 

Cargo ton miles flown increased 22% in 1962. with Pan American now claiming 
it carries twice the air cargo tonnage of its nearest competitor. 

Pan American extended the useful life of its jet engines from seven to 10 years in 

1962. resulting in a 51.400.000 reduction in its depreciation expense for the year, 
the report stated. Carrier also reduced its federal tax liability by 53.200.000 through 
purchase of equipment deductible under the new investment credit statute whidh 
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"This is what I want 
from an airline...” 


“No problems. No delays. No inconveniences. 
No petty annoyances. 

“I want to walk into your terminal, board my flight, 
and arrive at my destination on time and ready 
for business. 

“The most important thing you can give me is an 
uneventful trip.” 

United Air Lines says “Amen” to that. We 
know this gentleman speaks for countless business- 
men who spend much of their time traveling. Men 
whose main interest is to get from point A to point 
B, and back again, as quickly and as uneventfully 
as possible. 

In fact, all of us at United— baggage handlers, 
reservation agents, stewardesses, mechanics, pilots 
and all the rest of us— have the same idea about 
a perfect trip that you do: a journey that’s smooth, 
comfortable, on time and so free of hitches that 
you hardly know we’re around, unless you need us. 

This awareness of your needs stems from United’s 
basic company policy that says the welfare of our 
customers must come first in everything we do — 
and a genuine concern for people must be part of 
everyone who works with us. 

That’s the heart of United’s promise to you: 
“Extra care— for people." With the great human 
responsibilities involved, there can be no better basis 
for running— or choosing— an airline. 



UNITED 





THE EXTRA CARE AIRLINE 


American Pilots Union Seeks Recognition 


By Janies R. Aslilock 

New York— Allied Pilots Assn, filed last week for National Mediation Board 
recognition as the bargaining agent for American Airlines' 1,600 pilots after 
receiving representation rights from 77% of the carrier’s cockpit crewmen. 

Nicholas J. O’Connell, an American captain and temporary president of 
the new union, said more than 1,200 ballots had been received from American 
pilots favoring a breakaway from the Air Line Pilots Assn. (AW Apr. 15, 


p. 41). 

New union needed only 51% recog- 
nition from the pilots to establish its 
claim as the new bargaining body. How- 
ever, O’Connell said that considering 
the American pilots’ general dissatisfac- 
tion with ALP A, he would be surprised 
if 85% did not align themselves with 
the Allied Pilots Assn. 

Reaction from the pilots came even 
more quickly than was expected, O’Con- 
nell said. The 77% recognition was 
acknowledged only 11 days after right- 
to-represent ballots were mailed to 
American’s pilots on Apr. 12. 

Still to be polled are the carrier’s 
flight supervisors, who represent 4% 
of the pilot group. The supervisors 
technically are management personnel, 
although they belong to the pilot union, 
and American's management has re- 
quested them to stay out of the dispute 
with ALPA temporarily. Ballots will 
also be sent later to 60 American pilots 
on leave for military reserve duty. 
ALPA Conflict 

Conflict with ALPA arose after it 
refused ratification of a new contract 
favored by American’s pilots. ALPA’s 
primary objection is that the agreement, 
which provides for three- rather than 
four-man crews, does not require flight 
engineers to hold commercial and in- 
strument pilot ratings (AW Feb. 25, 
p. 42). 

American pilots contend that the 
ALPA requirement, stated in its Turbo- 
prop and Jet Study Committee recom- 
mendations, is impractical. Even on 
airlines that have adopted this provision 
in crew contracts, the pilot-engineer is 
never allowed to fly, they say. 

Consequently, they want the engineer 
trained as an efficient assistant for navi- 
gational duties. Such training would 
cost American approximately S3 million 
rather than the $10 million needed to 
make pilots of the 600 engineers. 

American, in turn, would pass on 
this saving to the pilots by reducing 
monthly flight time from 85 to 75 hr., 
with no sacrifice in pay, plus added in- 
surance and retirement benefits. Engi- 
neers would receive general increases in 
wages and fringe benefits, and would 
not have to pass the physical and pro- 
ficiency requirements required to obtain 
pilot ratings. 


Move to establish the new union is 
proceeding amid court action initiated 
by ALPA and the Flight Engineers In- 
ternational Assn, to block the proposed 
contract. FEIA entered the dispute on 
grounds that its members at American, 
in being denied the flight ratings which 
are standard on some other airlines, face 
a threat to future job security. 

ALPA is asking for an injunction that 
would prevent American's management 
from signing the contract. FEIA was 
awarded a temporary restraining order 
prohibiting the American pilots from 
even discussing the contract at their 
meetings. The time limit on that order 
expired last Thursday, however. 

Hearings on the injunction request 
are before Judge I. T. Wyatt in Federal 
District Court here. The Allied Pilots 
Assn, has retained Martin C. Seham as 
its counsel, and has established its tem- 
porary headquarters in his offices in 
New York. 

Among those questioned in the hear- 
ings has been Charles Rubv, president 
of ALPA. Ruby testified that ALPA 
felt it was not kept properly informed 
of progress toward the disputed con- 
tract. and acted only after learning of 
the exclusion of flight engineer pilot 

This feeling of inadequate liaison led 
to ALPA’s dismissal of Ralph L. Hatk- 
enrider, its senior negotiator and the 
union's representative at the American 
contract negotiations. 

Harkenrider was planning last week 
to contest his dismissal before ALPA’s 
appeal body. O'Connell said Harken- 
rider was an extremely popular figure 
among pilot groups, and that pilots on 
American and other carriers were upset 
over his dismissal. O'Connell supported 
Harkenridcr's claim that ALPA was 
kept fully informed of the contract 
negotiations. 

O’Connell said no problem was ex- 
pected in gaining American Airlines 
recognition of the new union. It was 
also hoped that pilot acceptance of the 
union would lead to dismissal of 
ALPA's petition for an injunction 
against the airline’s agreement to the 
proposed contract, since its pilots could 
no longer be considered members of 
ALPA. 

American’s pilots, who normally fur- 


nish approximately 15% of ALPA’s 
annual dues, have paid no dues since 
the contract dispute arose. 

O'Connell and three other members 
of the negotiating team are being 
threatened with expulsion from ALPA 
for their stand. O’Connell did not 
appeal his expulsion, stating that he 
acted in the pilots’ best interests. 

As to organization of the new union, 
O’Connell said it is planned to conduct 
all elections on an individual ballot 
basis, rather than by delegate vote as 
practiced at ALPA conventions. ALPA 
convention delegates are charged by lo- 
cal groups on how to vote for union 
officers at the conventions, but are also 
allowed to disregard the charge if. in 
their opinion, late developments re- 
quire a .witch. 

Although no decision has been made 
as to the amount of dues paid by Allied 
Pilots Assn, members, spokesmen for 
the new group feel they will total some- 
what less than the amount now paid by 
American pilots to ALPA. The smaller 
amount would be required, they said, 
because the new union would not have 
the extensive framework of ALPA. 
Court Action 

In view of the FEIA court action 
against the proposed contract, Ameri- 
can’s flight engineers were not asked 
to vote for formation of the new union. 
Should Allied Pilots become the new 
bargaining agent, spokesmen said, the 
flight engineers could either join it or 
undertake their own contract negotia- 
tions through FEIA representation. 

O'Connell said there are no plans to 
solicit members from other airlines. 

The flight engineers on American 
are primarily concerned about job se- 
curity. Although they had agreed to 
negotiate a new contract jointly with 
the pilots, flight engineer spokesmen 
said they were assured by the pilots 
that ALPA would ratify the pact. It 
was planned to integrate the flight engi- 
neers into ALPA, with adequate job 
protection assurance. 

Engineers say that no such assurance 
has been offered them by the Allied 
Pilots Assn. Although the proposed 
contract includes them, the engineers 
say their position would be renegotia- 
ble with each contract renewal. Instead, 
they want the permanent security pro- 
vided in recent contracts signed with 
other carriers. 

Engineer spokesmen hold reserva- 
tions against the Allied Pilots Assn, in 
this respect. They say pilots on the 
line speak of the new union as merely 
a device for signing the proposed con- 
tract. and that the pilots may move later 
to rejoin ALPA. 
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Which linkpin would you choose? 


Each of these look-alike linkpins was sold as a 
replacement part for Pratt & Whitney Aircraft’s 
famed R-2800 Engine. 

The linkpin on the left is a “bargain price” engine 
part. The linkpin on the right is a Pratt & Whitney 
Aircraft original equipment part. Although the 
bargain linkpin resembles the genuine part, it is 
made of metal that is too soft for this application. 
Cracks which begin in minute defects beneath its 
plated surface could result in failure, causing major 
engine damage. 

The genuine Pratt & Whitney Aircraft part is 
carefully engineered to endure flex loads as severe 
as 15 tons 20 times every second. Material used in 


the genuine linkpin meets specifications precisely. 
So do all of the more than 50 operations required 
in its production. These processes provide the long- 
term reliability which is the key to genuine economy 
in piston engine parts. 

You ensure this reliability 
when you specify Pratt & 

Whitney Aircraft original 
equipment parts. They are 
quickly available direct from 
Pratt & Whitney Aircraft or 

from its authorized distrib- Metallograph inspection— 
utors in the United States genuine "p^au&'whifney 
and Canada. Aircraft parts most pass. 



Pratt & Whitney Aircraft 
United Aircraft of Canada Limited 


U.S. Airline Assets and Liabilities-Dec. 31, 1962 
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Tough guy 



Airlines Report Officers’ Salaries to CAB 

Washington— Following is a list of >*“ 
airline officers' salaries, bonuses and in- } 15 



Need close air support? Consider the formidable new F-104. 


It's a new kind of F-104— a powerful close- 
support weapon system. Look at the load it will 
carry. Bombs, rockets, napalm, air-to-ground 
missiles, frag dispensers, special weapons-any 
mix the mission calls for. Yet the same plane 


can be quickly turned around and sent up as 
a Mach 2 air superiority fighter. 

The F-104 has always been versatile. Ask the 
men who fly it. They'll tell you it is an extreme- 
ly stable platform that will do just about any 


job you could ask a fighter-bomber to handle. 
And now it can deliver more tons on target 
than ever before, and carries a much more 
diversified load of external stores. 

Yet it is the same proven design chosen by 
LOCKHEED-CAUFORNIA COMPANY: A division of I 


six of our allies as their own fighter-bomber. 

The F-104 Starfighter has already proved itself 
in limited war situations. In its new, advanced 
configurations it is more versatile and effec- 
live than ever Lockheed F-104 

ickheed Aircraft Corporation, Burbank. California 




SHORTLINES 


AIRLINE OBSERVER 

► Havana-bound air travelers are being kept under close surveillance by the 
U. S.. in cooperation with most Latin and Central American governments. 
Passports issued by these countries nmv indicate whether the holder's appli- 
cation to enter Cuba has been approved or rejeoted, and a rejection is en- 
forced reciprocally. The Mexican government has indicated that it may 
adopt similar measures. 

► Trans World Airlines estimates it will collect $2.4 million rather than pay 
back $3.1 million as indicated by a Civil Aeronautics Board examiner's deci- 
sion in the 10-year-old Transatlantic Final Mail Rate Case (AW Apr. 15, 
p. 52). The decision, including subsidy paid to TWA from 1946 through 
1953, is subject to adjustment for income tax periods and rate of return on 
investments. Board approval of the costs of a 1953 navigators' strike could 
increase the sum payable to TWA beyond S3 million, the airline said. 

► Aeroflot is testing automatic landing devices that take over at 1.300 ft. on 
turn to final approach down to flareout and touchdown. Procedures currently 
call for pilot to take manual control at 100 ft. The Soviet carrier has com- 
pleted a number of completely automatic landings with an 11-18 flown by 
test pilot Boris Volkov. Some landings were made in conditions of fog and 
strong cross winds. 

► CAB may be forced to expand the scope of its current investigation of 
North Atlantic discount fares. The American Society of Travel Agents will 
ask to intervene in this case, on the grounds that current charter regulations 
discriminate against the general public and encourage "illegal subterfuge.” 
Every one should have the benefit of lower fares, which are now limited to 
organizations receiving charter benefits, ASTA contends. 

► Airline industry is anticipating a wave of job applications from Negroes as 
a result of last week's Supreme Court decision upholding the claim of a 
Negro pilot for a position with Continental Air Lines. The decision upset 
a ruling by the Colorado Supreme Court, which held that state fair employ- 
ment laws could not be applied to interstate carriers. Supreme Court ruled 
that all state laws on segregation have now been held unconstitutional. The 
case began six years ago when 32-year-old former Air Force Capt. Marlon D. 
Greene applied to Continental for a pilot's job, was rated as qualified, but 

► Federal Aviation Agency awarded more than S8.5 million in research and 
development and equipment contracts last month. Largest research and 
development items were $578,512 for DME (distance measuring equipment) 
ground station equipment awarded to the Wilcox Electric Co., of Kansas 
City, Mo., and S438.566 to the Goodyear Aircraft Corp., Akron, Ohio, for an 
airborne analog data collection system. 

► Friendship International Airport continues to lose business to Washington, 
D. C.’s new Dulles International Airport. February traffic figures show that 
the Baltimore airport's passenger traffic declined 27% compared with Febru- 
ary, 1962. 

► Eastern and other airlines are helping establish air freight forwarders to 
fight increasing competition from independent “gypsy” truckers who often 
provide lower rates for warchousc-to-airport carriage. The airline is sending 
letters to several shippers, pointing out that its cargo liability insurance can 
not cover freight handled by the independents. 

► Mohawk Airlines' new service into New York’s LaGuardia Field is being 
provided on a non-subsidy basis. CAB initially estimated that it would 
require SI 76.000 for the service under the class mail rate plan, and said that 
much of the sum would be unwarranted. Tire airline, which originally esti- 
mated an extra subsidy need of S25.000 for the station, later estimated that 
it would show a profit without subsidy. 


► British European Airways’ average 
traffic gain was 13% for the fiscal year 
ended Mar. 31. Passenger traffic in- 
creased 11.7%, freight 17% and mail 
20% over the previous year. System 
load factor remained at 61%. 


► British West Indian Airways plans a 
33% cut in Miami-Iamaica fares. If ap- 
proved by the Civil Aeronautics Board, 
the fares would go into effect May 22 
on four flights weekly from Miami. 
Ticket cost would be reduced from S69 
to $49 on summer excursion fares and 
from SI 07 to S69 on winter fares. 

► Eastern Air Lines' new Florida sched- 
ules. effective Apr. 28, will provide 

3.000 daily jet seats between Miami and 
New York. One way jet day coach fares 
will be $56.19, a saving of S16.S6 over 
current fares, and jet dav first-class serv- 
ice will be S75. a saving of S21.70. 
These fares would apply only to round- 
trip excursions of 7 to 23 days. 

► Flying Tiger Line has been awarded 
additional MATS contracts totaling 
SI. 2 million for the month of April. 
Contracts cover the movement of cargo 
to Pacific military bases. 

► Frontier Airlines has reported a net 
profit of $181,420 for the first quarter 
of this year, compared with $72,721 for 
the same period of last year. Profit was 
earned after provisions for $126,000 in 
taxes and $28,500 returned to CAB un- 
der the profit-sharing provision of the 
class mail rate subsidy plan. 

► Local service carriers now may trade 

5200.000 in air travel service annually 
for advertising goods and services. Poor 
financial condition of the industry, lim- 
iting its ability to purchase advertising, 
was cited bv CAB when it voted to in- 
crease the trade agreement maximum 
from SI 00,000. 

► Pan American World Airways begins 
the first American flag service to Yugo- 
slavia on May 2, with twice-weekly 
flights to Belgrade. 

► Trans World Airlines will handle tick- 
ets and information on the New York 
World's Fair of 1964-65 throughout its 
entire domestic and international sys- 


► United Air Lines is moving its south- 
eastern regional offices for flight opera- 

ington National Airport to Dulles 
International Airport. 
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From MOTOROLA . . . the only 
Silicon Controlled Rectifier 
designed specifically for 
Aircraft and Field-Portable Radar, 
Proximity Fuses, Beacons, 
and other lightweight 
pulse-modulated equipment 



OFFERING SOLID STATE RELIABILITY, SMALL SIZE, 

LIGHT WEIGHT, AND LOW-POWER CONSUMPTION. 

From an original conception and fabrication to meet a 
specific radar pulse-modular application need (high pulse 
repetition frequency, high efficiency, and high pulse-rated 
voltage were prime requirements), a line of Motorola fast 
switching silicon controlled rectifiers was perfected, charac- 
terized, and is now in production. It is immediately available 
(as series MCR729) in production quantities. 

Rated for operation at pulse repetition rates in excess of 
10,000 pulses per second, voltages as high as 800 volts, and 
current ratings up to 100 amps repetitive pulse, this newest 
SCR series combines the speed and power capability neces- 
sary for good radar definition when used as a replacement 
for conventional thyratrons . . . and simultaneously affords 
the size, efficiency, and reliability advantages inherent in 
semiconductor devices. 




MOTOROLA 


Semiconductor Products Inc. 



Service Experience Leads to T58 Changes 


Bv David A. Anderton 

West Lynn, Mass.— Rigorous and differing helicopter operational environ- 
ments have been major factors in sendee experience with General Electric 
Co.'s T58 turboshaft powcrplant. 

High-utilization, short-flight patterns of commercial helicopter operators 
have focused attention on problems which, like engine wear, are functions of 
time or the number of starts and shutdowns. 


In contrast, long-duration hovering 
near the surface of the sea. which is 
characteristic only of the Navy’s anti- 
submarine warfare mission, has uncov- 
ered a different kind of problem: engine 
corrosion due to salt-water ingestion. 

This problem, attributable entirely to 
the mission environment, is not ex- 
pected to turn up in helicopters based in 
drier areas. But Nary and GE have 
specified material and process changes 
on top of routine preventive measures 
to overcome the problem. 

From these two diverse uses of the 
gas-turbine helicopter. GE and the cus- 
tomers have learned much about the 
service qualities of the T58. With a 
total engine time now approximating 
2 >0,000 hr., engineers on the T58 
project under Walter S. Bertaux at GE's 
Small Aircraft Engine Dept, here be- 
lieve that the major troubles have been 
found and cured. 

Three major problem areas plagued 
the early development and service of 
the 1,250-hp. engine, plus a number 


of minor ones of the type expected dur- 
ing the first few thousand operating 

Reliability of the fuel control system 
probably has been the most serious of 
these difficulties. One GE engineer 
said it was the toughest argument he 
had to counter when he tried to sell 
the engine to a prospective customer. 

Early records of engine malfunctions 
showed that 54% were caused by the 
fuel control system. The symptoms were 
slow acceleration of the engine, or a 
cold hangup at the start. Sometimes 
the fuel schedule would shift without 
warning and change the engine power. 
Stator-vane scheduling went awry, and 
the throttle valve stuck. The fuel filter 
split and allowed contaminants from 
the tanks to get inside the engine. 

The problem concerned the Navy, as 
the customer setting the system require- 
ments. It also hit Hamilton Standard 
Div. of United Aircraft Corp., which 
was responsible for the detailed engi- 


neering design of fuel-system control 
components under GE specifications. 

Trouble first showed in commercial 
operations of the Sikorsky S-62, and 
began to grow serious about the time 
of the Board of Inspection Survey (BIS) 
trials of the SH-3A. The three organi- 
zations attacked the problem by analyz- 
ing every field incident and making 
fixes to cure each specific trouble. 

Gradually, an improved fuel control 
system evolved from the many modifica- 
tions to the existing unit. Further, it 
was the basis for a new control svstem 
to be installed on the T58-GE-10 
growth engine (see box). GE made some 
calculations of reliability of the newer 
system and says that it has improved re- 
liability by a factor of three. 

Second serious problem was wear of 
the splined drive shaft for the fuel 
pump. When the spline wore, the fuel 
pump couldn’t be driven, which meant 
engine fuel starvation. 

Commercial operators also were the 
first to experience this difficulty. There 
were four incidents, with the low-time 
engine at 280 hr. total time when the 
wear was discovered. 

Contributing factors, GE decided, 
were a lack of lubrication for the spline, 
misalignment, and no specific inspec- 
tion interval which would detect early 
signs of trouble. 

First approach to a solution was a 
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temporary fix for engines in the field. 
Splines were inspected first to see if 
there were any visible wear. They were 
lubricated with Plastilube, a synthetic 
grease, and continued in sendee. 

Final solutions were changes in the 
design and materials of the spline and 
its drive gear. The spline material was 
changed to Nitralloy N, and the gear 
material was changed to AMS 6260 
steel. Increased backlash was designed 
into the spline, and the tooth design 
was altered to give it a crowned shape. 
Spline Engagement 

Full engagement of the spline was 
specified rather than the partial engage- 
ment of the original design. A gasket at 
the shaft end was reduced in thickness 
to allow deeper seating of the spline, 
and a boot was added to retain spline 
lubricant. 

Third major problem has been unique 
to the Sikorsky SH-3A, It showed up as 
a noticeable engine-power loss during 
anti-submarine warfare missions while 
the aircraft was hovering at low altitude 
near the surface of the sea. On the 
cruise back to base there would be a 
partial regain of the power loss. More 
of the loss might be recovered the next 
day when the engines were brought up 
to full power. 

After engineering analyses, the 
trouble was traced to salt water ingested 
by the engines. During the hover, the 
rotor dowmvash agitates the surface of 
the sea and. if wind conditions are right, 
the flow picks up water droplets and 
circulates them toward the engine in- 
takes. The engines inhale these particles 
along with the air. 

Salt Deposits 

Salt deposits form on the first few 
stages of the compressor and cause the 
performance loss because they change 
the airfoil sections of the blades. The 
result is a change in compressor flow 
characteristics which reduces perform- 
ance. This reduction was sometimes 
temporary. Recovery of power after the 
first loss was attributed to salt breaking 
off the blades, returning them to their 
original shapes. 

First attempt was to solve the prob- 
lem by washing the salt off the blades 
with fresh water. After the engine had 
cooled, Navy ground crews would run 
it again on its starter, and spray two or 
three gallons of fresh water into the 
inlet, followed by starting the engine 
and running it at ground idle for 5 min. 
to dry out the residual water. 

During engine shutdown after this 
run, the crew sprayed Rust Lick 606, 
an anti-rusting agent, into the inlet to 
remove any water remaining on the 
blades or vanes. 

But this was only a temporary fix, and 
it didn’t get at the real enemy in the 
engine— corrosion started by the salt 


water. No matter how thorough the 
flushing procedure was made, some salt 
remained in solution in the engine, and 
initiated the corrosion. 

It also caused blade pitting, in some 
cases severe enough to cause the cleaned 
engine to run rough because of airflow 
disturbances around the blades. There 
also was much concern that the corro- 
sion was seriously reducing the blade 
fatigue life. Further fixes were at- 
tempted with the aid of protective coat- 
ings. A special temperature-resistant 
paint, good to about 600F, was applied 
to the first six stages of the compressor. 
A silicon-aluminum paint was used on 
the power turbine. Both these were aug- 
mented by the continued use of the 
fresh-water flush and Rust Lick. 

But it was apparent that the only 
way to beat corrosion was to build the 
engine of metals that were corrosion- 
resistant. Currently, these material and 
process changes have been made on 
major components of the engine: 

• Compressor casing, rotor, vanes and 
blades now arc made from AM 355, an 
Allegheny Ludlum stainless steel. 

• Combustor casing is being coated 


with an electroless nickel plate. 

• No. 4 bearing housing now is fabri- 
cated trim Inco W material. 

• Silicon-aluminum paint continues in 
use on the power turbine. 

• Electroless nickel plating protects the 
compressor rear frame. 

• Blade and vane slots on the compres- 
sor disks and rings carry lubricants for 
added protection. 

In addition to these major fixes. GE 
had developed a set of routine pro- 
cedures for corroded parts, and has de- 
termined the corrosion limits which can 
be reached before engine safety, life and 
performance are affected. 

There have been a series of small and 
random troubles of the kind that have 
bothered every engine and its manufac- 
turer during the sen-ice of the power- 
plant. 

Rigid fuel and oil lines cracked or 
failed: that trouble was fixed by chang- 
ing to flexible lines. 

Carbon seals leaked, but the leaks 
were stopped by quality control im- 
provements and process changes. 

Fuel contamination was reported giv- 
ing trouble in the engine; GE added 


T58 Growth Version Features 

redesign of some parts are features of the General Electric T5S.GE10, growth vcrs.on 
of the T58 turboshaft powcrplant. 

New model is rated at 1.450 slip.. 200 more than the guaranteed rating of the -8 
or power-weight ratio. 

Five T58-CE-10 engines have been built and ran. with more than 1.250 hr. of 
test time logged since February of this year. High-time engine has been run for more 
than 300 hr. at maximum military power and has a total time of more than 450 hr. 

Starting at the front of the engine, GE designers changed the first-stage rotor and 
stator to enable the engine to pump more air. First-stage diaphragm cooling was 
improved, and the compressor generally was cleaned up acrodynamically to reduce 

Power turbine inlet temperature was raised, but only by 18F to a value of 1.728F. 
Air leakage at the tenth-stage compressor seal was reduced. Engine weight was in- 
creased by 50 lb. during the redesign, but the power-weight ratio remains at four. 
New fuel control system is being developed for the -10 engine to improve load- 
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You needed cams, drives, mounts, gears and 
follower arms for microwave preselection... 



Now there’s a microwave filter that's virtually mainte- 
nance-free and reliable to a degree once unattainable. 
Why? No moving parts. Loral Y1G (Yttrium-Iron-Garnet) 
Filters are all solid state . . . replacing electromechanical 
preselector mechanisms consisting of cams, drives, fol- 
lower arms and other moving parts— they sweep over 
wide bandwidths at high speeds, making possible sub- 
stantial savings in weight as well as in improved per- 
formance. 

Furthermore, these units are not merely laboratory de- 
velopments. They have been flight-tested and completely 
meet applicable airborne Mil-Specs. 


This advance in the art of sweeping frequencies exem- 
plifies Loral's R & D capacity to create electronic com- 
ponents that are the best possible buy in the smallest, 
most reliable package— Value Engineered throughout. 
Loral's General Products Division may already have a 
product virtually "on the shelf" that could save your 
company many, many months of development. For 
further information on our line of precision microwave 
products, write: 

General Products Division 

LORAL ELECTRONICS CORPORATION 

825 Bronx River Avenue. The Bronx 72, New York 
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a fuel control filter upstream to sieve 
out any contaminants. 

Most of these problems appeared first 
during commercial operations with the 
T5S engine, even though the power- 
plant entered military service before it 
began hauling passengers for pay. 

The reason is in the nature of com- 
mercial operations. The operators must 
get high daily utilization of their air- 
craft to break even and possibly to 
make a profit. They also make many 
engine starts and shutdowns because of 
their short-haul route patterns. San 
Francisco & Oakland Helicopters Air- 
lines is one good example: average flight 

Consequently, the commercial op- 
erators of the T58 have logged many 
total engine hours before a Navy squad- 
ron has completed pilot checkout. 
Military Benefits 

Result of this works three ways to 
the benefit of the military: 

• Spare parts requirements and logis- 
tics are much more easily determined 
for the military from the earlier civilian 
experience. 

• Engine problems which arc a function 
of time, such as wear or the generation 
of carbon which erodes the first-stage 
turbine buckets, first appear in the 
high-time commercial operations. Gen- 
erally, a fix can be well along and some- 
times completed before the same 
problem turns up during military opera- 

• Rcpairability experience is gained 
faster; maintenance people know where 
to look, how to fix the parts, and where 
to concentrate their efforts. 

Most of the engines in service now 
are T58-GE-8 powerplants, rated at 
1,250 slip. Total shipped is over 1,000, 
with more than 75% of them being 
the -8 model. Most of the -6 engines 
shipped earlier have been retrofitted, al- 
though a few remain in service on Sikor- 
sky S-62 helicopters in a derated version 
producing 750 shp. 

San Francisco & Oakland Helicop- 
ters Airlines currently is allowed a 1,- 
200-hr. time-between-overhaul (TBO) 
limit on the engines in their Sikorskv 
S-62s. Both New York Airways and 
Los Angeles Airways are authorized a 
1,000-hr. TBO oh the T58s in their 
Vcrtol 107s and Sikorsky S-61Ls, re- 
spectively. 

When the T58 entered sen-ice with 
the Navy, it was pegged at a 150-hr. 
TBO; that figure has been increased to 
400 hr., and is limited there for the 
moment, primarily because of the 
rigors of the anti-submarine mission. 
The engines may be called on to run 
as long as two hours at high power, 
during a single mission when the heli- 
copter is hovering. 

U. S. Air Force and Coast Guard, 
both users, to a limited extent, of the 


Sikorsky helicopters powered by T58s, 
have SOO-hr. TBO authorization. 

Current service experience on the 
Navy S14-3As shows an inflight shut- 
down rate of 0.19 per 1,000 hr. Un- 
scheduled removal rate, in which an 
engine is pulled for cause before its 
scheduled overhaul period has elapsed, 
is 0.25 per 1,000 hr. 

Navy pilots report a squawk-free 
flight rate of 99.5% on the T58s in the 
SH-3A. Average engine age is 225 hr., 
and the highest-time engine had about 
676 hr. as of mid-April. 

Experience with the T5S engines 
powering the Kaman UH-2A has been 
both worse and better. Pilots report no 
squawks: but the unscheduled removal 
rate is up to 2.6 per 1.000 hr. 

As of mid-April, the Navy had made 
155 flights during the BIS program, and 
another 339 during the Fleet Introduc- 
tion Program (FIP). Corresponding 
flight times were 245.6 and 634 hr., 
respectively. 

During those two programs, there 
was one flight squawk and one prema- 
ture engine removal, both occurring dur- 
ing the BIS trials. Figures cited are for 
a total of 18 aircraft in service, with an 
accumulated flight time on all engines 
of 6,985 hr. 

S-62 Experience 

Sen-ice experience with the T58 en- 
gines in the Sikorskv S-62 now totals 
more than 22.600 Sight hours, aggre- 
gated by 14 operators using 21 aircraft. 
During the 90-dav period before Apr. 
15. the removal rate was 1,65 per 1,000 
hr. No engines were overhauled except 
for time during that period, the re- 
moved engines being placed back in 
service after inspection or minor repair. 
I ligh-tiinc engine had 2,718 hr. in mid- 

On the Vertol 107 helicopters, serv- 
ice experience is near the 1 1,000-hr. 
mark, with an unscheduled removal rate 
of 4.74 per 1,000 hr. None of these 
removals required overhaul. High-time 
engine had logged 935 hr. by mid- 
April. 

Sikorsky S-61L has almost as many 
engine hours total time, but the current 
engine removal rate is 6.81 per 1,000 
hr. None of these required overhaul. 
High-time engine had 799 hr. in mid- 
April. 

GE has developed rcpairability tech- 
niques along with the other features of 
the engine program. Bcrtaux and other 
engineers on the project agree that parts 
life has been increased two to four times 
in some cases by knowledgeable repair 
procedures. Best examples of these are 
in the engine hot section components. 

Company is currently quoting 90-day 
delivery on all spare parts for commer- 
cial operators, and according to Ber- 
taux, there have been no contract 
delinquencies for one year. 
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All 181 channels 
and a comparator 



What you want but haven't been able to get! A complete 
receiver and comparator, with strip chart recorder, for phase 
correction of precision oscillators, time code generators, and 
digital clock frequencies to one part in 10 10 . Rapid Ill-Chan- 
nel Tuning. Instant station selection with decimal thumb- 
wheel switches. Continuous coverage in 100-cycle increments, 
12 to 30 kc plus optional 60 kc channel. No channel change 
modules required. Positive Loch. Phase locked servo keeps 
tracking error below 1 microsecond. Servo is disabled in absence 
of input VLF carrier signal. Permanent Record. Self-con- 
tained chart recorder provides continuous recording of correc- 
tion applied to local frequency standard. Continuous Moni- 


toring with audio speaker. RF signal level/phasc correction 
signal meter. Simplified Maintenance. Completely solid 
state circuitry with plug-in cards used extensively. Militarized 
version ready now! Send for “VLF Approach to Absolute 
Time" presented at 1063 Winter Convention on Military 
Electronics. Write on your own letterhead to S. A. And erso n, 
ELECTRONIC ENGINEERING COMPANY of California 
1601 East Chestnut Avenue, Santa Ana. California. 

Phone: (714)547-5501, Post Office Box 58. Representative in 
Western Europe: Electronic Engineering S.A.. C.P. 142 Fri- 
bourg. Switzerland. In Japan: Marubun Company. Ltd.. No. 
1,2-Chomc. Oden macho. Nihonbnshi, Chuo-Ku, Tokyo, Japan 



Sud Aviation Super Frelon Details Shown 


First prototype of Sud Aviation’s SA 3210 
Super Frelon (above) has logged over 50 hr. 
since its initial test flight last December (AW 
Dec. 17, p. 36). Helicopter is powered by 
three Turbomeca Turmo 3C gas turbines. 
Second prototype is scheduled to fly early 


Six-bladed rotor hub (right) and tail rotor are 
conventional Sikorsky designs, based on the 
S-61. Rotor diameter is 62 ft. Note two en- 
gine exhaust ports below rotor. Third engine 
exhaust port is on opposite side. 

Rear view (below left) shows landing gear 
design and rear cargo door-ramp. SA 3210 
main cabin is 22.9 ft. long, 6.2 ft. wide and 
6 ft. high. 

Side view (below right) shows third exhaust 
port, sliding cabin door and boat hull. French 
government has ordered two prototypes and 
four preproduction models. 
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SPACE TECHNOLOGY 



Aerojet’s Mia mi Facility Nears Completion 


By George Alexander 

Miami— Aerojet-General Corp.'s solid propellant plant here is expected to 
be completed by Oct. 50 and in operation by Nov. 50, 1965, leaving the 
company about 1 1 months to build a 260-in.-dia. rocket motor. 

Aerojet was selected recently (AW Apr. 15, p. 50) by the Air Force and 
National Aeronautics and Space Administration as a parallel contractor with 
Thiokol Chemical Corp. for package 1 in the large solid motor feasibility 


demonstration program. (AW Feb. 11 
firing the first of two motors within 18 

Construction of Aerojet’s new plant, 

55 mi. south and slightly west of Miami, 
was begun last December. The com- 
pany decided early last year to build a 
new plant as a long-range investment. 
The decision, according to Elmer Nel- 
son, plant manager, was made without 
consideration of the large solid motor 
program. Approximately 2-1 sites were 
investigated on the East. West and Gulf 
coasts of the U. S. before this area was 
selected. 

Aerojet has spent about $2.5 million 
to date in acquisition and lease of about 
onc-fourtli of the plant site’s eventual 
74.554 acres. The balance of the land 
is expected to cost about an additional 
$6.5 million. 

Approximately $4 million has been 
spent so far in site preparation, engineer- 
ing and pre-procurement of construction 
items. When completed, the plant is 
expected to cost about SI 0.8 million 
exclusive of land costs. It will be paid 
for totally from corporate funds. 

Structures are being erected presently 
for the plant’s 10 major facilities: inert 
processing, fuel preparation, oxidizer 
preparation, quality control laboratory, 
continuous mix facility, staging and 
trimming, cast and cure, instrumenta- 


, p. 50). The contract calls for test- 
months. 


tion center, 5-million-lb. thrust static 
test stand, and a combined cast, cure 
and static test stand. 

The company plans to use this last 
facility for 260-in.-dia. motors only. The 
smaller test stand will be used for sub- 
scalc versions of these motors. 

All inert parts of a motor, such as the 
case, nozzle, pyrogens and closures, will 
be inspected and readied for further 
operations in the inert processing facil- 
ity, a 6,000-sq. ft. building. Insulating 
liner will be applied to the steel cases in 
this building. 

In the fuel and oxidizer preparation 
buildings, the raw elements of the solid 
propellant will be prepared and blended 
separately, in anticipation of mixing in 
the continuous mix facility. In the 
9,600-sq. ft. fuel preparation building, 
polvbutadicnc, plasticizer and curing 
agent will be blended together in a 
liquid pre-mix. Aluminum particles— 
averaging 50 microns— will then be 
added to the blend. 

This facility: will be able to produce 
up to 2.400 lb. of fuel per hour and. like 
all facilities at the plant, is being de- 
signed for use with any solid-propellant 
composition. 


In the 6,500-sq. ft. oxidizer prepa- 
ration building, ammonium perchlor- 
ate— the oxidant specified in the 
contract— will be readied for mixture. 
Delivered in 50-gal. drums, the per- 
chlorate particles will be heated to 
remove any moisture absorbed during 
shipment and then ground to waning 
sizes dependent upon the burning rate 
and desired specific impulse for the 
propellant mix. 

The particles, as delivered, are about 
the size of grains of table salt: they 
will be ground down to sizes ranging 
from fine to coarse. Generally, the 
finer the grind, the faster the burning 
rate and the higher the specific impulse 
will be. 

After grinding, an oxidizer blend will 
be composed of different particle sizes, 
screened and weighed. Capacity of 
this facility will be up to 6.000 lb. per 

Liquid fuel, in l,000-lb.-capacity 
tanker carts, and powdered oxidizer, 
in 5,000-lb.-capacity hoppers, will be 
moved from their preparation buildings 
into the continuous mix facility. 

Key element of the Aerojet plant 
will be the 11,000-sq. ft. mix facility. 
Mixer will be a Baker-Pcrkins Ko-ncader 
and will contain about 150 lb. of pro- 
pellant any given moment during a 
mix operation. 

The small amount of propellant in 
the mixer will ensure minimum blast 
damage to the facility in the event of an 
accident. 

A duplicate mixer, plus associated 
equipment, will be kept in storage at 
the plant so that if the first unit is 
destroyed, the second could be installed 
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with LSi Automatic Landing System — Now in Production 


• safe, automatic landings all the way to touchdown 
under the most severe visibility conditions 

■ adapts to existing autopilots 

■ utilizes existing airport approach systems 

■ consistent, successful "hands-oft" touchdowns — 
over 400 to date 

■ thoroughly evaluated by the United States F.A.A., 
SUD Aviation and the French Government 


■ will save millions of dollars lost annually by airlines 
from landing diversions, passenger hotel accommoda- 
tions, ground transportation costs, etc. 

■ extends range of high performance military and com- 
mercial aircraft by reducing the fuel that must be held 
in reserve as a safety margin for alternate landing 
destinations 

For additional information on automatic landing systems, 
write or call the Director of Marketing at: 


LEAR SIEGLER, INC. 


ASTRONICS DIVISION 

3171 SO. BUNDY DRIVE, SANTA MONICA. CALIFORNIA 
TELEPHONE: EXmonl 1-731 1 





ne missile bursts out of the water and is prime c 
ig recent test firings in the Pacific. GAC submarine 


ractor. SUBROC is launched fr 
designed to kill enemy submarin 


submerged 


streaks skyward 


GAC has proved experience in aerospace systems management 


Aerospace is our business at GAC-Goodyear Aircraft Cor- 
poration— and GAC’s weapons systems experience is a 
major factor. 

Our experience in systems management started with the 
Navy’s GREBE, continued on the Air Force's MACE, 
where GAC was a major associate prime contractor. As a 
prime MACE contractor, we not only assisted in manage- 
ment of the system, we developed the nose section, includ- 


ing guidance system, the translauncher, the entire ground 
support system— helped achieve the prime objective : make 
the entire system mobile and air transportable. 

Today, we’re prime contractor to the Navy’s Bureau of 
Weapons, under technical direction of Naval Ordnance 
Laboratory, for SUBROC, an underwater-to-underwater 
antisubmarine missile. And the Air Force has just named 
GAC associate prime contractor for a study of the trans- 


porter-launcher for its projected MMRBM — Mobile 
Medium Range Ballistic Missile. 

In managing these systems we call on all our capabili- 
ties, including astronautics, avionics, electronics, plas- 
tics, ground support and many others. If you'd like to 
call on these same capabilities, write on company letter- 
head to : Goodyear Aerospace Information Center, Box 
910AD, Akron 15, Ohio. 


good/year 

GOODYEAR AIRCRAFT CORPORATION 


56 


57 




THIS IS A HYDRAULIC FILTER FOR MISSILES AND AIRCRAFT. 
WE ALSO MAKE LINE STRAINERS. 


Need a high-pressure hydraulic filter for aircraft and missiles? One that’s complete with differential 
pressure indicator, automatic shut-off valve? Or how about a simple line strainer? Air-Maze makes 
them both. Sixteen other filter types, too. More than 3,000, all told. Air-oil separators. Dry and oil bath 
filters. Even filters that scrub themselves clean. Plus silencers, spark arresters and breathers. Chances 
are, if you need a filter we have it or can design and make it. For detailed information, write or call 
Rockwell-Standard Corporation, Air-Maze Division, Cleveland 28, Ohio. 


AIR-MAZE FILTERS ARE PRODUCED BY ROCKWELL-STANDARD CORPORATION 


BLD6 1132 



and the plant put back in operation 
within three weeks. 

Fuel will be poured from its tanker 

the mix facility and pumped in metered 
amounts into the mixer. The oxidizer 
will be dumped into bins at the facility 
and moved on a conveyor belt into a 
screw-type feeder. 

The screw will inject the oxidizer into 


Propellant Mixer 

Within the mixer, blades will simul- 
taneously mix both fuel and oxidizer 
and push the now-composite mixture 
toward the outlet of the equipment. 
At the outlet, temperature-controlled 
hoppers, each with a 5,000-lb. capac- 
ity, will collect the propellant and 
haul it to the cast and cure building. 
Production range of the mix facility 
will be between 2.000 and 6,000 lb. 
of propellant per hour. 

The 5,650-sq. ft. cast and cure build- 
ing will contain 6ve pits— three capable 
of accepting motors with diameters up 
to 175 in. and lengths up to 50 ft. and 
two capable of accommodating motors 
up to 60-in.-dia. and lengths up to 33 
ft. 

A motor case would be deposited 
in a pit, the core inserted and posi- 
tioned. and then propellant pressure-fed 
into the case with a bayonet-type 

Motor Inspection 

After curing— estimated to require 
about two weeks for motors of this 
size— the unit would be removed from 


the pit, inspected and X-rayed and 
then moved on a horizontal dolly to 
an 8,800-sq. ft. staging facility. There 
the grain will be trimmed and cut 
back to the desired configuration, the 
aft closure, pyrogen and nozzle in- 
stalled and the motor prepared for 

Cast, cure and static test facility for 
the 260-in.-dia. motors will be a 100- 
ft.-tall, 40 x 46-ft. steel-reinforced con- 
crete building, with a 1 50-ton-capacitv 
derrick crane on top. A 100-ft. tall. 40 
x 20-ft. steel frame tower will stand 
adjacent to the building. In the 30-ft.- 
widc slot between tower and building 
will be the static test stand. The 68-ft.- 


long, 26Q-in.-dia. motors will be erected 
to a vertical position by the derrick 
crane and lowered onto the stand, 
which also serves as a support structure 
during loading operations. 

A 30-ft.-tall, 30x40-ft. steel shelter 
then will be positioned by the crane 

vide environmental control during pro- 

E chant loading. Propellants, carried 
•om the mix facility m 5,000-lb.-capac- 
itv hoppers, will be trucked to the 
building, raised by elevator to the top 
level within the structure and then 
force-fed into the case. 

After curing, estimated to last about 
six weeks for the 260-in.-dia. motors. 
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MB introduces SWEEP RANDOM- 
a new, low-cost method of random vibration testing 


ME Electronics now offers indus- 
try the Narrow Band Sweep Ran- 
dom system. This new technique in 
random vibration testing is designed 
to create stresses and accelerations 
at all levels similar to those provided 
in the more expensive wide band 
random test. It is easy to operate 
and inexpensive enough to be used 
with the smallest simulation test 
system in general use today. 


The new MB Sweep Random meth- 
od reduces the total foreerequiredfor 
wide band testing by sweeping slowly 
over the frequency range with an 
intense narrow band excitation, in 
contrast to the low acceleration den- 
sity excitation of the wide band test. 

This results in a reduction of from 
one third to one half the force rat- 
ings heretofore required for simu- 
lated random vibration tests. Con- 


siderable cost savings are also rea- 
lized with this new MB system. 

The MB Sweep Random system is 
ideally suited for testing components 
andsub-assemblies of systems which 
might be given a final qualification 
test by wide band random techniques. 

For more detailed information on 
the Sweep Random system write to 
MB Electronics, 781 Whalley Ave., 
New Haven 8, Conn. 


the shelter will be removed by the 
crane and the aft closure, nozzle and 
pyrogen installed. Up to 273 instru- 
mentation links then will be connected 
to the motor, which then will be ready 
for firing. 

Stand is being designed to accept as 
much as 7.5-million lb. of thrust, with 
the motor positioned vertically, its 
nozzle toward the sky. 

Test stand for motors with diameters 
up to 175 in. will be able to accommo- 
date motors in vertical or horizontal 
positions and thrusts up to 3 million 
lb. About 247 channels of information 
will be taken off this stand. All data 
from both stands will be carried on 
hard lines to an instrumentation center 
about 2,500 ft. behind the smaller 
stand. This center may consist only of 
a series of mobile vans. 

The 10 buildings are being built on 
man-made islands on swamp land ad- 
jacent to Everglades National Park and 
arc interconnected bv causeways. The 
buildings occupy about 300 acres within 
a two-sq.-milc area and will be able to 


hold up to 250,000 lb. of Class 9 
explosive propellants at each facility. 

Aerojet also is planning a series of 
80-ft.-wide, 12-ft.-deep canals to inter- 
connect the buildings, so that large 
motors may be easily moved by barge. 
Canals on Aerojet s land will connect 

cither already in existence or being built 
by the Central and Southern Florida 
Flood Control District. 

Major flood artery would open on to 
Barnes Sound at the southern end of 
Biscayne Bay and would provide access 
to the intcrcoastal waterway. Distance 
between the Barnes Sound outlet and 
the nearest corner of Aerojet's property 
is about three miles. 

Aerojet’s land consists of two areas, 
a 25.196-acre southern and a 43.403- 
acre northern rectangle joined by a 
two-mile-wide, 5,745-acre isthmus. The 
solid propellant plant will be located in 
the southern area. There are no im- 
mediate plans for the northern area, 
although the company might use it for 
static testing of large liquid engines. 



Republic Tests Apollo Space Suit 

Apollo space suit is being tested by Republic Aviation engineer in conjunction with a special 
bike. Test is designed to measure oxygen consumption and metabolic rate. Suit will 
be developed by International Latex Corp. Republic is investigating suit materials, mobility, 
and physiological factors involved in the lunar program. 


LEWIS 

RESISTANCE 

TYPE 

TEMPERATURE 

SENSORS 



“Aircraft Quality” 
Temperature Sensors 
now available for 
Industrial Use. 



eC®- 


Write us for an engineering review 
of your application. 


H 
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What’s going on 
at Republic Aviation? 

Apollo Space Suit 
life-support studies; 
a Mach 2/vroL/variable- 
geometry aircraft design; 
fluid-power systems 
for a supersonic transport; 

77 parts for nasa's Saturn; 
studies for the Synchronous 
Meteorological Satellite; 
re-entry capsules for 
NASA’s Project Fire; the 
F-105D and F-105F (two-place) 

Mach 2 fighter-bombers ; 
guidance for the Bultpup 
missile; training simulators and 
control systems for submarines; 
studies for the Advanced 
Orbiting Solar Observatory; 
electronic ground support 
equipment; the Bikini Photo Drone; 
the magnetic-induction nuclear gyro . . . 
and too many other aerospace and 
hydrospace projects to include. 


And who’s 
doing it? 

Eighteen thousand people, 
including weapon system 
analysts, mathematicians, 
oceanographers, nuclear 
physicists, biochemists, 
radiobiologists, physicians, 
metallurgists, microbiologists, 
plasma physicists, astronomers, 
astrophysicists, psychologists, 
physiologists, astrobiologists . . . 
and chemical, cryogenics, 
communications, radar, 
guidance, orbital mechanics, 
human-factors, propulsion, 
acoustics, design criteria, 
reliability, hydraulic, 
flight dynamics, structural, 
applied mechanics, nuclear, 
computer, hydrodynamic, 
thermodynamic and 
aerodynamic engineers. 

Republic Aviation Corp., 
Farmingdale, L.I., N.V. 


New Data Pinpoints Micrometeorite Size 


Washington— Space vehicle sensors 
indicate that about 100 tons of cosmic 
dust falls on the earth each day. and 
scientists arc now able to estimate the 
dust particle size with a precision up to 
100,000 times greater than was possible 
before space measurements. 

At the recent American Geophysical 
Union meeting here, Dr. F. L. Whipple 
of the Smithsonian Astrophysieal Ob- 
servatory said a correlation of cumula- 
tive measurement of interplanetary par- 
ticles made from ground observatories, 
balloons, probes and satellites has pro- 
vided new data on both size and distri- 
bution of micrometeorites. Through 
these sensors, he said, it has been pos- 
sible to determine that the size of the 
micrometeorites ranges from 1 0' 1 ” grams 
to one gram, with sensitivity errors from 
10% to 1%, respectively. 

The cosmic dust is thought to origi- 
nate from the erosion created when 
meteorites collide. Whipple said. This 
interaction, called the Pointing-Roberts 
effect, is the spiralling inward of par- 
ticles which come in contact with the 
earth’s atmosphere. 

Dr. Whipple said cosmic dust appar- 
ently presents no erosion hazard to 
spacecraft except when close to earth. 
This conclusion, established by ground 


observation, was confirmed by the 
Mariner 2 Venus probe. 

C. W. McCracken of Goddard Space 
Flight Center reported that meteorite 
flux peaks and ebbs as a direct function 
of the lunar cycle, with peak rates re- 
corded during the full moon. He said 
that significant background noise in 
telemetry data returned by satellites in- 
itially masked this phenomena, but that 
recent readings by U.S. space vehicles, 
along with Canadian and Australian 
observations, substantiate this effect. 

Presumably, the regular meteorite 
flux cycle will affect scheduling of long- 
duration manned space flights. 

Dr. Donald E. Gault of Ames Re- 
search Center, as a result of laboratory 
studies of high-velocity impacts of pro- 
jectiles in rock and sand, theorized that 
meteorite collisions with the lunar sur- 
face produce cosmic dust that enhances 
the earth's dust cloud. 

Crowing interest in the lunar surface 
was indicated in another AGU session, 
which demonstrated that there is no 
unanimous theory vet on whether the 
moon's surface is covered with fine dust 
or whether it’s covered with a more 
substantial substance. 

Dr. Charles R. Warren of the U.S. 
Geological Survey feels that if the 


strong backscatter of light from the 
moon is caused by surface roughness, 
the surface material must have a skeletal 
structure. Skeletonized vesicular rocks, 
etched by the solar wind, would possess 
most of the known optical, heat and 
electrical properties observed in the 

Dr. B. W. Hapkc of the Center for 
Radiophvsics and Space Research, Cor- 
nell University, concluded that the opti- 
cal lunar reflection of the moon indi- 
cates that the surface is covered by a 
blanket of microscopic rock dust. 

In Russia, meanwhile. Prof. Na- 
dezhda Sitinskava of the Pulkovo Ob- 
servatory believes that the moon is cov- 
ered with a porous, slag-like substance. 
In a recent Radio Moscow broadcast, 
she explained that because the moon 
has no atmosphere, each meteorite or 
cosmic dust particle that bombards the 
lunar surface causes an explosion which 
results in rocks boiling and becoming 
black, porous slag. 

Because the characteristics of the 
lunar surface must be determined be- 
fore the first exploratory missions are 
begun. National Aeronautics and Space 
Administration has given Bendix Sys- 
tems Div. a 10-week, §27,500 contract 
to study two possible lunar surface mate- 


PROBLEMATICAL RECREATIONS 168 



Assuming the sun rises at 6:00 a.m., sets at 6:00 p.m., and moves 
at a uniform rate, how can a lost boy scout determine south by 
means of a watch on a cloudless day? — Contributed 

Determination and study of system integration problems is one 
of the interesting assignments at our Data Systems Division for 
Systems Engineers with five years' experience in digital data 
processing systems. Specific areas include tactical data systems, 
active tracking, radar/computer interface, digital communica- 
tions, and mixed mode navigation systems. Qualified applicants 
are invited to send a resume to Mr. T. Lyle Langston. 


ANSWER TO LAST WEEK'S PROBLEM: 1 , 2, 3. X + y + Z = XyZ. 



— 1 and xy ^ 3. 

An Equal Opportunity Employer 
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rials to help guide the design require- 
ments of a lunar roving vehicle. 

Bendix will study three grain sizes of 
quartz and three densities of pumice 
under both atmospheric and vacuum 
conditions. 

Mariner 2 experimenters reported 
fundamentally the Venusian measure- 
ments previously reported (AW Mar. 4, 

E . 30). and the growing amount of in- 
rnnation on the planet was amplified 
bv ground-based measurements and the- 
ory derived from Mariner data. 

Dr. Bruce C. Murray of California 
Institute of Technology said that as a 
result of observations with the 200-in. 


Palomar telescope, it was possible to 

mantle surrounding Venus. This obser- 
vation provided the first information 
that the cloud cover has variations. The 
storm observed was about 1,000 mi. at 
its widest point. 

Dr, George Oliring of the Geo- 
physics Corp. of America reported on 
a theory to explain the extremely high 

attributes the high temperature to a 
greenhouse effect caused by the thick- 
ness of the clouds, as well as atmos- 
pheric gases, rather than atmospheric 


Gemini Ejector Sled Tests Set 


Burbank, Calif.— Ejection seat escape 
system for Gemini spacecraft will move 
into the rocket sled ejection test phase 
of development at Naval Ordnance Test 
Station. China Lake, Calif- in June. 

Sled tests will prove the in-flight 
ejection capability from Gemini during 
ascent or during descent when the 
spacecraft is being lowered by para- 

Ejection tests from a 150-ft. tower 
at the naval station arc now being com- 
pleted and have indicated the feasibil- 
ity of on-the-pad escape, according to 
Weber Aircraft Corp.. developer of the 
escape system. First production model 
of the ejection scat is scheduled for de- 
livery to McDonnell Aircraft Corp. in 
December. 

Use of ejection scats for crew escape 
was considered necessary for fast, sure 
exit from the spacecraft during recovery 
with the paraglider system in the event 
of an emergency. An escape tower 
which rockets the entire spacecraft 
clear of the booster is used on Mercury 
and is planned for the Apollo spacecraft. 

Gemini escape system is designed so 
that both seats will be ejected when 
either crewman pulls the ejection ring 
located between his legs. Ejection of 
both seats, inclined from each other at 
an angle of 24 deg- occurs after hatches 
on the side of the spacecraft arc opened 
by explosive squibs and locked into po- 
sition. The ejection seat D-ring is 
stowed in a container during orbit to 
prevent inadvertent firing. 

Seat is ejected from the spacecraft by 
an explosive charge, which catapults the 
seat along two 45-in.-long rails. Rocket 
Power, Inc,, Mesa, Ariz., is developing 
the catapult-booster system. Tracks arc- 
canted up 8J deg. and the scat rocket 
booster, which ignites 0.2 sec. after cata- 
pult actuation, brings the initial seat 
trajectory angle to 41 deg. above the 
horizon. 

Peak acceleration of 24g results from 
the catapult charge with 500g sec. rate 
of onset. Total impulse of the sustainer 
rocket is 1,890 lb.-sec. over a 0.27-sec. 


burning time. For emergency on-the- 
pad ejections (AW Feb. 25, p. 59), 
NASA requires that crewmen land at a 
500-ft. minimum lateral distance from 
the Titan 2 booster. Ranges over 1.000 
ft. have been achieved in tests at China 
Lake, and Weber engineers feel that 
over-all average of S00 ft. or better is 
possible. Typical maximum trajectory 
altitudes have been about 450 ft. 

Each astronaut is fitted individually 
to the ejection seat by molding to his 
shape a backboard, ejector pad and 
egress kit (seat pad containing emer- 
gency oxygen supply). The ejector pad 
separates the astronaut, his backboard 
and egress kit from the ejection seat. 
The contoured backboard, which prob- 
ably will be constructed of hard foam 
material covered with glass fiber, has a 
900-cu. in. parachute package contain- 
ing a 28 ft. chute and a survival-kit 
package attached between it and seat 
framework. The seat pad egress kit will 
be constructed entirely of glass fiber. 

No vertical seat adjustment mecha- 
nism is incorporated into the system, so 
that the eve level of different-size astro- 
nauts is kept at the same point by vary- 
ing the thickness of the egress kit scat. 

Astronauts will wear heel plates, fixed 
to the scat during liftoff and descent, 
restricting leg movement except up- 
ward. Heel plates, rather than spurs, 
are necessary since astronauts will be 
wearing soft shoes for comfort on ex- 
tended Gemini flights. 





v 1- 


Cosmonaut Badge 

New badge is to be awarded by Soviet de- 

of (lights— -r for three flights. "2" (or two 
and “3” for the first flight. 
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Space required for submarines' periscope cables was reduced 
from 3,000 cu. in. to only 450 cu. in. when this FLEXPRINT cable 
replaced a conventional cable approximately 1 " in diameter. 
T otal weight of the assembly was reduced from 125 lbs. to just 
30 lbs., of which the FLEXPRINT cable weighs approximately 
3 lbs. as compared to 18 lbs. for the old-style cable. This FLEX- 
PRINT cable contains 24 conductors, is 3" wide and 47' long. 


Packaging problem for a 28-channel multi-plexer station couldn't 
have been solved without this FLEXPRINT RETRAX cable. 
Measuring only 3" at rest, it extends to over 52" when the re- 
tractable drawer is pulled out . . . rolls on itself when released 
and returns to its factory-formed shape. In life testing, this 
FLEXPRINT RETRAX cable exceeded the customer-specified 
100,000 cycles with no apparent change in any part of the cable. 


Throw away your old ideas 
about wiring! 


FLEXPRINT® flexible printed cir- 
cuitry makes an engineered com- 
ponent out of wiring! This means 
you can take entirely new di- 
rections in the design of new 
equipment . . . create packaging 
innovations never before possible. 
Or . . . replace the individual wires 
in your present electrical and elec- 
tronic assemblies with a single 
engineered component. 

FLEXPRINT circuitry consists of 
thin, flat conductors custom-de- 
signed to desired length, layout 
and current-carrying capacity to 


meet your exact specifications. 
These conductors are permanently 
bonded between two thin sheets of 
flexible insulating plastics that 
meet your dielectric and environ- 
mental requirements. 

FLEXPRINT circuits let you shrink 
the size of your equipment to as 
little as 25%, reduce weight to as 
little as 50%. They can be rolled, 
folded, and preformed to fit the 
shape of any package . . . they pro- 
vide more reliability than tradi- 
tional wiring... and, they save time 
and money on the assembly line. 



Find out how FLEXPRINT cir- 
cuitry can untangle your wiring 
problems and contribute to your 
quality-improvement, cost-reduc- 
tion and miniaturization programs. 
For more information about the 
wide range of applications for 
FLEXPRINT circuitry, write to 
FLEXPRINT Products Division, 
AW-4, SANDERS ASSOCIATES, INC., 
Nashua, New Hampshire. 


patents issued and pending in the U.S. and 


CREATING NEW DIRECTIONS IN ELECTRONICS 



West Germans End Sergeant Training 


West German troops (above), prepare to lamieh Anny/Sperry Sergeant tactical 
missile from White Sands Missile Range. N. M. Two of the solid-propellant. 
75-mi. range missiles were launched (photo at right), as part of graduating exer- 
cise for unit of West German Army's 150th Field Artillery group training at Ft. 
Sill. Okla. At bottom left. Sergeant launch crew completes missile checkout prior 
to automatic countdown and launch on the beach at San Nicolas Island. 55 mi. 
southwest of Pt. Mugu during a series of three brings at the Pacibc Missile 
Range. At bottom right, one of the missiles, is shown being launched to target. 




When you can’t see a thing. 


it's comforting to know that Honeywell is 
doing your looking for you. Comforting to 
know that your instruments are backed 
by the stature, skill and experience of 
Honeywell, a leader in the aircraft and 
aerospace instrument field. Over the 
years, we have pioneered many advanced 
aircraft instruments and mechanisms to 
meet the most baffling demands of weight, 



size, readability, stability, ruggedness, as 
well as precise electrical characteristics. 
On countless occasioi^|ew materials, 
configurations — even ww concepts — 
have been developed. All this makes us 
at Honeywell confident that we can 
custom-design an aircraft instrument or 
mechanism to match your specifications, 
and in a surprisingly short time, too! 



TYPICAL 

HONEYWELL 

MECHANISMS 


Each mechanism was custom-designed 
to answer a particular application prob- 
lem. Honeywell versatility is suggested 
by the variety of mechanisms illustrated 
. . . ranging from subminiature sealed 
indicators to the more elaborate bar 
indicators. The unusual flexibility of 
Honeywell's plant facilities permits 
rapid design, testing and manufacture 
of specialized work. Whether you want 
a miniature mechanism or a complex 
system, Honeywell can help you. Write 
Honeywell, Precision Meter Div., Grenier 
Field, Manchester, New Hampshire. 
"WHERE ELECTRONICS MEETS THE EYE" 

Honeywell 


NEW AEROSPACE PRODUCTS 


Jet Inlet Control 

Flexible pneumatic-hydraulic system, 
called Nudracon Model HC-1, is spe- 
cifically designed to control jet engine 
inlet pressures of supersonic aircraft. 

Unit computes pressure ratios by 
sensing ram air pressure and static pres- 
sure in the inlet duct. System then 
regulates hydraulic pressure to control 
the inlet ramp or spike. Turbine bleed 
air, filtered and regulated, powers the 



svstem. The bleed air becomes a vari- 
able force acting upon two opposing 
mechanically linked diaphragms which 
act as a pneumatic servo motor con- 
trolled by the differential pilot system. 
Shaft and force balance system may be 
preset at static to ram air ratios of 0.2 
to 5.0. 

Unit is initially set at a ratio of .67, 
the null position for the hydraulic valve. 
A ±5 gpm. flow at 3,000 psig. hy- 
draulic pressure is achieved when the 
static to ram air ratio is changed bv 
*.05. Model HC-1 is 21 in. x 21 in. x 
7i in. and weighs less than 3 lb. 

Shelly Associates, Inc., Ill Eucalyp- 
tus Drive, El Segundo, Calif. 

Miniature Tach Generator 

Miniature tach-generator for driving 
aircraft engine speed indicators and 
other industrial uses, halves the size and 
weight of similar instruments, the man- 
ufacturer says. 

Unit measures 2 in. x 21 in. and 

Kollsman Motor Corp., Dublin, Pa. 

Heat Flow Meter 

Heat flow meter called “Q" gage is 
designed to accurately measure heat flux 
at precise locations within objects such 
as nose cones, rocket nozzles, ablating 
structures and other components where 
the transfer of heat energy is of interest. 

Meter must be ordered from the 
manufacturer in the same material as 
that being tested to eliminate perturba- 
tions caused by heat flow through dis- 
similar materials. “Q” gage is supplied 
in graphite, stainless steels, plastic 


laminations and other materials upon 
request. Thermoelements within the 
“Q” gage are held to a minimum and 
combined in a thermopile to yield 
readable electromotive forces under low 
temperature differentials. 

Science Products Corp., Rt. 46, 
Dover, N. J. 

Instrument Dehydrator 

Aircraft instrument dehydrator re- 
moves moisture from the instrument 
area and ejects it into the atmosphere. 

Available in two models, DD-15 and 
MK-5, (DD-15 shown) the units are 
identical in operation but different in 
configuration. Units are reactivated by 



normal changes in air pressure, how- 
ever, they maintain pressure equilibrium 
during altitude changes thus preventing 
a dangerous pressure buildup, the manu- 
facturer says. Unit weighs less than 1 lb. 

Daco Instrument Co., Tillary and 
Prince St., Brooklyn 1 , N. Y. 

Vibration Equalizer 

Random motion vibration spectrum 
equalizer is designed to add manual 
random noise vibration test capability 
to an existing sinusoidal vibration test 
facility. 

Equalization of, or compensation for, 
vibration table and specimen resonance 
is accomplished through a parallel bank 
of 80 individually equalized magneto- 
striction filters. Signal level through 
each filter is controlled by a separate, 
logarithmically scaled attenuator. Each 
channel of the bank of 80 filters has a 
bandwidth of 25 cps. The equalizer 
basically covers the band from 10 to 
2.000 cps. but has a switching facility 
which permits selection of equalizer 
bands as high as 10.000 cps. 

System is capable of manual adjust- 
ment and measurement of the vibration 
acceleration level for each filter individ- 
ually thereby eliminating the need for 
complex auxiliary spectrum analyzer 
equipment. 

Aero Geo Astro, Alexandria, Va. 
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All-Weather Landing Proposals Requested 


By Philip J. Klass 


Washington— Major jet transport manufacturers and autopilot manufactur- 
ers will submit proposals this week to the Federal Aviation Agency for the 
design and installation of an all-weather landing system on a turbojet aircraft 


intended to be a prototype of one wh 
transports. FAA hopes to evaluate the 
All-weather landing configuration 
adopted by FAA is based on use of an 
airborne radio altimeter and computer 
to generate flare-out maneuvers and au- 
tomatic throttle control for powcrplants. 
These basic techniques, as predicted 


can be retrofitted on the nation s 
system in flight tests within two years. 


by Aviation Week & Space Tech- 
nology. arc the ones employed in the 
British BLEU automatic landing system 
(fan. 14, p. 70). 

Details on FAA's proposed configura- 



tion and all-weather program will be dis- 
closed this week at the 15th Annual 
International Air Transport Assn, tech- 
nical conference on all-weather landing 
and takeoff being held in Lucerne, 
Switzerland. The report will be given 
by A. B. Winick of FAA's system de- 

The IATA conference also will hear 
reports from Airborne Instruments Lab- 
orators' and Gilfillan on their Flarescan 
and Regal automatic landing system 
which FAA proposes to pass over for 
early implementation. The agency ac- 
knowledges that such systems may have 
a role for the next decade as an inde- 
pendent monitor or backup for the radio 
altimeter flare-out system. 

This is a decision which Airborne 
Instruments Laboratory spokesmen are 
expected to contest in their IATA 
reports (see box). 

Bidders for the FAA prototype all- 
weather jet transport program contract 
will include teams of Boeing-Bendix 
(Eclipse-Pioneer Div.) and Douglas- 
Spcrty with the airframe companies 
serving as prime contractors. Lear Sieg- 
ler is planning to bid. perhaps in a 
partnership with General Dynamics' 
Convair. Collins Radio will not bid but 
hopes to participate in the program 
with its flight director instruments. 
North American’s Autonetics Div. has 
been invited to bid but its intentions are 
not definitely known at this time. 

Program work statement issued by 
FAA to prospective bidders emphasizes 
that the winning contractor must use 
recognized sources of competence in the 
all-weather landing field to achieve the 
desired result in the shortest possible 
time without duplicating existing devel- 
opments. This reflects FAA’s belief 
that the required hardware is available 
and needs only be integrated into a 
suitable system. 

System is to be installed on an FAA 
707 turbojet “or equivalent." The final 
product is to serve “as a model to the 
industry which may be copied in other 
aircraft,” the work statement says. A 
primary consideration in the design is 
that it be suitable and economically 
feasible for retrofit of currently opera- 
tional aircraft and provide required per- 
formance and operational safety. 

In addition to designing the airborne 
system and installing it on a jet trans- 
port for subsequent FAA evaluation 
tests, the contractor selected will simul- 
taneously conduct an extensive program 
of analysis and simulation using both 
dynamic analog computers and air- 
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Antenna Modeling Technique Reduces Computations 

Phased-amy antenna’ modeling technique— developed by Research Div. of Electronic Communications, Inc., to reduce quantity of theoret- 
ical computations required and to minimize need for full-scale models— uses scale model (left) in which holes are photoctched in cop- 
per-clad dielectric dish. When radiation impinges on one side of the dish, radiation emerging from holes is similar to that obtained from 
full-scale model. The 8-in. aperture, when operated at frequency of 70 gc. (kmc.) simulates performance of a 39-ft. antenna at 1.2 gc. 
Aluminum tunnel (right) lined with microwave absorbing material to reduce multiple reflections, is used to test phased-array model. The 
64-in. tunnel, constructed in two sections, rests on rotating table connected to pattern recording equipment. The RF source and trans- 

Facility is located at ECI Research Div. in Timonium, Md. 


craft flight trainers. These tests are to 
be used to develop crew operating pro- 
cedures both for normal and emergency 
conditions, to determine Crew reaction 
to failures within the system and to 
evaluate ability of pilot to manually 
control aircraft to touchdown, for ex- 
ample. 

The FAA system configuration calls 
for one fully automatic system aboard 
the aircraft plus a dual installation of 
flight directors and other visual displays 
to provide the pilot •'copilot with the 
means for monitoring the performance 
of the automatic system and for taking 
over and making a manual landing in 
event of malfunction in the automatic 
system. In this respect, FAA's con- 
figuration differs from British thinking 
which favors use of three independent 
automatic flight control systems (triple 
redundancy) on each aircraft. 

Prototype system will have provisions 
for both three-axis and split-axis flight 
control system operation. The latter 
option allows human pilots to manually 
control aircraft pitch axis while the auto- 
pilot controls rudder and ailerons. Both 
simulator and actual flight tests will 
be used to evaluate the desirability of 
split-axis operation for fleet-wide use. 

Flight control system will have three 
modes of operation, corresponding to 
different phases of the instrument ap- 
proach and flare-out: 

• Glide path mode, covering approach 
from initial acquisition of 1LS localizer 
to a point where the aircraft passes over 
the middle marker beacon. At middle 
marker, the aircraft’s altitude is approxi- 
mately 200 ft. 


• Glide path extension, from the mid- 
dle marker until the aircraft initiates a 
flare-out maneuver at an altitude of ap- 
proximately 50 ft. 

• Flare-out mode, from the initiation of 
the maneuver until touchdown. 

Glide path mode of operation closely 
resembles the present autopilot-coupled 
ILS approach, except for improved pre- 
cision of the airborne equipment and 
the ground-based ILS system designed 
to the all-weather Category 3 standards 
adopted by the International Civil Avi- 
ation Organization. 

Glide path extension mode will begin 
to come into play as the aircraft reaches 
the middle marker (200-ft. altitude), 
using an airborne vertical velocity sensor 
(WS) to smooth out any roughness in 
the glide slope beam until flare-out alti- 
tude is reached. This glide slope 
smoothing (extension) technique has 
been successfully demonstrated by the 
British in their BLEU system and by 
other U. S. autopilot manufacturers. 

Vertical velocity sensor which FAA 
proposes to use will contain both iner- 
tial and barometric sensing devices to 
measure the airplane’s average rate of 
descent prior to the middle marker 
when the glide slope beam is relatively 
free of perturbations. This measured 
rate of descent prior to the middle 
marker generates a signal which subse- 
quently is used to override ripples in 
the glide slope beam, maintaining the 
aircraft at the same average rate of 
descent until flare-out is initiated. FAA 
specifications call for the device to be 
accurate to within 1 fps. and to have a 
time constant less than 0.1 sec. 


Flare-out mode will begin when radio 
altimeter indicates the aircraft has 
reached required altitude. In the proto- 
type system, this flare-out altitude value 
null be adjustable to enable the FAA 
to try a range of values. The system also 
must provide means for removing any 
crab-angle prior to touchdown so that 
the aircraft will be closely aligned to the 

If it should prove necessary to abort 
a landing, the system is to provide the 
flight crew with displays which show 
the optimum aircraft pitch attitude for 
safe recovery at the particular altitude 
at which the abort occurs. 

Automatic throttle control is to be 
designed to maintain the aircraft at 
selected airspeed throughout the ap- 

changcs in aircraft configuration. If it 

more engines, the system must enable 
the pilot to return appropriate throttles 
to the idle setting while the operating 
engine throttles automatically advance 

Throttle control system is to consist 
of two independent subsystems, one op- 
erating the two outboard engines and 
the other, the two inboard engines. 

FAA has set up the following per- 
fonnance objectives for the system 
under bid. expressed in terms of aircraft 
velocity or position with respect to run- 
way at touchdown. The objectives are 
to be accomplished in the presence of 
up to a 25 kt. headwind or tailwind 
and crosswinds up to 25 kt., in moder- 
ate turbulence. 

• Vertical velocity is to be controlled to 
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469 invitations to 
think explosively 
with Du Pont 


Did you know that you can lead an explosion through a carton o£ 
eggs without so much as cracking a shell? 


Explosives have grown sophisticated in the hands of Du Pont 
specialists. They can now replace more complex, intricate systems 
— and do the job precisely and positively. For example: 


1 . 

2 . 

3 . 

4 . 

5 . 


Ignite propellants with improved Du Pont "Pyrocore", a string 
igniter that affords an unusually high degree of reliability. 

Punch a hole with Du Pont shaped charges that "focus” explosive 
power where you want it. Example: a charge to drive stake-holes 
into frozen terrain or perforate well casings 1 5.000 feet underground. 
Direct a detonation around personnel or delicate instrumentation 
with Du Pont Mild Detonating Fuse— the cord with the completely 
confined explosive core. 

Cut a hole into a sheet of metal or tank wall with a hole-cutting 
device, which utilizes a directional-firing explosive cord. 

Rupture a diaphragm, or separate components, with Du Pont elec- 
tric squibs or detonators— available with a wide variety of perform- 
ance characteristics. 


6 Trigger and transmit an ignition, as with this igniter assembly, used 
■ to ignite the rocket of a new infantry weapon. 



7 Spread a controlled shock wave over a large surface, with flexible 
• sheet explosive— “Delasheel". You can cut it with a knife to any 
shape or dimension— even "blanket" an area of many square yards. 
Among its uses: hardening and cutting of metals. 

8 Fuel a rocket or missile with propellants made from one of the 
■ many Du Pont propellant chemicals, from small particle nitro- 
cellulose to tetralluorohydrazine. 

Or think explosively about explosive bolls . . . chemically- 
expanded blind rivets... some 469 (at last count) explosive special- 
ty products, assemblies and devices now available from Du Pont. 

Most important, you can call on Du Pont Explosives Department 
engineering service to help you design an explosives system to meet 
your requirements. Du Pont specialists have a depth of experience 
and know-how in five major areas of explosive specialties— (1 ) 
detonators, caps and squibs, (2) explosive devices and assemblies, 
(3) explosive cords, (4) plastic-bonded explosives, and (5) pro- 
pellant chemicals. 

Wc offer literature on products in all of these categories. Send 
the coupon. Or call in one of our Explosives System Specialists. 
He will be glad to help. 


Du Pont, Explosives Department, Chemical Products Sales Div., A-43 
2521 - Nemours Building, Wilmington 98, Delaware 



Send me your new 20-page guide, which 
gives details on Du Pont explosive specialty 
products and engineering services. 




Better Things for Better Living . . . through Chemistry. 




HYDRAULIC ,W 
RESEARCH 


and Manufacturing Company 

- another textronl Company 
2835 N. Naomi St., Burbank, Calit. • Victoria 9-6111 


TOTAL 


RESPONSIBILITY 

Complete reliability in a single source 

Total responsibility means both the 
TECHNICAL and MANAGEMENT 
capabilities to conduct electrohydraulic 
fluid control programs from conception to 
completion. Your program in our hands is 
produced as it should be: efficiently and 
with guaranteed product reliability. 
Behind us is a record of producing 
6000 integrated control packages. 


2 fps„ ±1 fps. one-sigma deviation. 
(The one-sigma deviation, a statistical 
expression, means that out of 100 land- 
ing attempts, 68 of them must yield 
aircraft vertical velocities which are be- 
tween 1 fps. and 3 fps. at the aircraft's 
touchdown.) 

• Touchdown point along the length of 
the runway is to be within 250 ft. of the 
ideal point on a one-sigma basis, and 
the aircraft is to be within 10 ft. of the 
runway centerline. 

• Crab angle (difference between air- 
craft and runway headings) at touch- 
down is not to exceed i deg. on a one- 

VaA is calling for the airborne sys- 
tem to include built-in self-test provi- 
sions where necessary to permit flight 
crew to check system performance prior 
to an instrument approach. 


:+= FILTER CENTER 3= 

i <sismsu 1 

► Computer Librarians Debunked— Use 
of computers for document retrieval 
"would smother the user under a flood 
of infonnation and misinfonnation it 
would produce.” according to Dr. John 
R. Pierce, executive director of research 
and communications principles/systems 
divisions of Bell Telephone Labora- 
tories. Pierce, one of the first to sug- 
gest the feasibility of communication 
satellites and a science fiction writer on 
the side, made the comment at cere- 
monies dedicating new John Crerar 
Library at Illinois Institute of Tech- 
nology. While acknowledging the value 
of computers for library indexing. Pierce 
said that. “If I have painted a rather 
gloomy picture of the relations of com- 

C ' ;rs to libraries, I have done so dc- 
ratelv ... to counteract the sadly 
fanciful picture that has been painted 
by some irresponsible people.” 

► Semiconductor Failure Theory-Fail- 
ure of gallium-arsenide tunnel diodes 
may be due to motion of certain host 
atoms in the form of ions, according to 
research program by Syracuse University 
Research Institute aimed at better un- 
derstanding of basic failure and degrada- 
tion mechanisms. Details on the pro- 
gram, sponsored by Air Force, are avail- 
able in 1 58-page report, identified AD- 
285-210 (“Theoretical and Experimen- 
tal Studies Relating to Mechanisms of 
Failure of Semiconductor Devices”) for 
S3.00 from Office of Technical Services. 
Commerce Dept., Washington 25, 
D. C. 

► More Laser Gyro Effort— General Pre- 
cision Aerospace, Kearfott Div., has ex- 
ploratory development under way in 
laser gyros, first demonstrated by Sperry 
Gyroscope Co. (AW Feb. 11, p. 98). 
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The General Precision "optical gyro” 
uses three gas lasers in a triangular con- 
figuration rather than four in a square 
configuration employed by Sperry. 

► Microwave Tube Leasing Proposed— 
Program under which the military serv- 

manufacturcr who would also be re- 
sponsible for field maintenance and re- 
pair. has been proposed bv Warnecke 
Electron Tubes, Inc., Des Plaines. 111. 
Under the proposed plan, Warnecke 
would be responsible for carrying re- 
quired tube inventories. The leasing 
concept is used by French army which 
rents its microwave tubes from French 
manufacturers, company says. 

► TV Tube Extends Telescope Range— 
An image orthicon recently added to 
Northwestern University Dearborn Ob- 
servatory's 18J-in. refracting telescope 
has given it a light-gathering power 
equal to a telescope 100 times its size. 
A telescope equipped with an image 
orthicon may be able to see a strong 
flare sent up by astronauts landing on 
the moon. Northwestern scientists be- 
lieve. The 1 S* in. telescope with image 
orthicon is able to record lunar surface 
features less than i mi. across. 

► Microwave Component Sales Report- 
Factory sales of microwave components 
by U. S. manufacturers totaled S75 mil- 
lion. according to Electronic Industries 
Assn. The figure is extrapolated from 
reports by 84 manufacturers, comprising 
an estimated 90% of the industry’s total 
volume. 

► Signed on the Dotted Line— Major 
contract awards recently announced by 
avionics manufacturers include the fol- 
lowing: 

• North American’s Autonetics Div. 
will conduct feasibility study of a com- 
pletely airborne all-weather aircraft ap- 
proach and landing system which re- 
quires no ground based radio/radar ref- 
erence. under contract awarded by 
National Aeronautics and Space Ad- 
ministration's Ames Research Center. 
Such a system might be useful for 
V/STOL ' aircraft or military aircraft 
operating out of forward-area landing 
strips. 

• Electronic Communications, Inc., Re- 
search Div., Timonium, Md.. will study 
techniques for superheterodyne receivers 
operating at frequencies above 100 gc. 
(kmc.) under S83.600 contract from 
NASA. 

• Geoscience, Ltd., Solana Beach, 
Calif.. SI 50,000 basic research contract 
from Atomic Energy Commission to 
study auxiliary nuclear power systems 
for spacecraft use. Program covers in- 
vestigations of new heat transfer mecha- 
nisms in high-temperature boiling liquid 



MISSILE-BORNE TV READY NOW!!!!!! 

A Lear Siegler standard-scan television camera. 2'/j"dia. x 8”, gave 
observers a continuous picture of NASA's "Echo" balloon inflations, 
from canister ejection to re-entry. A slow-scan camera, of the same 
dimensions, successfully monitored liquid hydrogen in flight within 
the fuel tanks of NASA's "Centaur" (built by General Dynamics/ 

project directors could observe such details as they happened. In 
each case, complete airborne and ground systems were supplied by 
Lear Siegler. Off-the-shelf availability of standard and slow-scan 
cameras, and of the recently developed "flexible-scan" camera, makes 








BLOCK DIAGRAM OF AN/ASN-44 inertial navigator, under development by Litton Systems' Guidance and Control Systems Div., shows 
availability of outputs in either digital or analog (synchro) form to meet varying requirements of future naval aircraft and helicopters. 


Litton Developing VAX Inertial Navigator 


By Barry Miller 

Woodland Hills, Calif.— Miniature inertial navigator for the integrated 
avionics package of the new VAX bi-service aircraft and other advanced 
carrier- and ground-based naval aircraft and helicopters will incorporate several 
design features to permit high reliability, simple maintenance and low pro- 
duction costs. 

Designated AN/ASN-44, the inertial system (AW Jan. 14, p. 83) is being 
developed here for the Avionics Div. of Navy’s Bureau of Weapons by Lit- 
ton Systems’ Guidance and Control Systems Div. Two development models 
of the system are scheduled for completion late this year and six service test 
models are to be delivered to the Navy starting in February, 1965. 

Inertial system is known to be func- 


tionally comparable to the inertial 
navaid the company is producing for 
the Lockheed F-l 04 program (AW Jan. 
9, 1961, p. 81). That system, the LN-3, 
can locate a fighter’s position within a 
mean circular error of 1.5 naut. mi. for 
each hour of flight. 

Better Reliability 

Like the LN-3, the 
satisfy aircraft navigation and 
stabilization requirements. 

The ASN-44 is an attempt 
the mean-time-between failure (MTBF) 
performance of the LN-3 system in the 


iv ASN-44 


F-l 04 by at least a factor of three, ac- 
cording to Col. Arthur C. Lowell, 
USMC, chief of BuWeps’ Avionics 
Dis’. The highest MTBF known to be 
credited to the LN-3 inertial system in 
an F-l 04 flying out of a USAF base is 
about 100 hr. 

By using a combination of microcir- 
cuitry concepts and design techniques, 
such as mounting some of the elec- 
tronics integrally on the gimbals of the 
stable platform, Litton and the Navy 
better expect an inertial system with the fol- 
lowing general parameters to result: 

• System operating life— over 1 0,000 hr. 


• Weight— 37.9 lb., compared with 79.8 
lb. for the F-l 04 system. 

• Size-0.44 cu. ft. (760 cu. in.), com- 
pared with 1.8 cu. ft. for F-l 04 system. 

• Power consumption — Approximately 
105 w., 22% of the F-104 inertial sys- 
tem requirement. 

Anticipating the ASN-44’s use in the 
integrated VAX avionics system (AW 
Apr, 1. p. 89), for which an industry 
competition is in progress, the Navy is 
requiring that Litton make available to 
each potential bidder on a need-to-know 
basis details of the inertial system neces- 
sary in preparing proposals for the com- 
plete avionics package. 

Stabilized Platform 

Heart of the ASN-44 will be a stabil- 
ized platform— a three-axis, four-gimbal 
mechanism using a pair of two-degrec- 
of-frecdom, gas-lubricated bearing gyros 
and three non-integrating, torque-bal- 
ance accelerometers. A computer ampli- 
fier and controller indicator round out 
the system. 

Outputs from the system will be in 
analog or digital form, as will be the 
outputs from the inertial platform. The 
computer amplifier will be a hybrid 
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CIRCUIT CARD for ASN-44 operational amplifier (foreground) is contrasted with func- 
tionally equivalent circuit board of LN-3 svstem used in European Lockheed F-104s. Ex- 
perimental ASN-44 card contains three Texas Instruments' microcircuits (preamplifiers), 
thin-film resistors and capacitors and individual diodes. 


analog-digital machine. This will give it 
and the complete inertial system suf- 
ficient flexibility for adaptation to a 
variety of future naval avionics require- 
ments and permit maximum use of ac- 
cumulated industry knowledge of digital 
microcircuit techniques. 

Inertial Platform 
Inertial platform is a successor to the 
F-104 platform and similar in size and 
weight to the platform incorporated in 
the aerospace vehicle data system Litton 
is building for the Air Force (AW Aug. 
28, 1961. p. 88) under Project Hades 
(AW Apr. 1, p. 35). Its unusual fea- 
tures include: 

• Microminiature electronics on gim- 
bals— Microcircuits mounted directly on 
the platform gimbals will make possible 
a completely self-contained platform. 
This approach is expected to simplify 
malfunction isolation. Circuitry on the 
gimbals will integrate accelerometer 
outputs and convert these signals into 
velocity components in digital form. 
Signal-to-noise ratio will be increased as 
a result of shortened leads made possible 
by mounting circuits on the gimbals. 
Reliability is expected to improve in 
this approach with the reduction in slip 
rings. Simplified circuits operating in 
a controlled environment should also 
enhance reliability. Another important 
consequence of the use of microcircuits 
will be diminution in size and weight. 
The platform will weigh 16.81b.. occupy 
390 cu. in. and require 25 vv. Its only 
inputs are gyro-torquing rates from the 
computer amplifier. 

• Thermoelectric cooling—' Thermoelec- 
tric, or Peltier, hcating/cooling, in 
which current passing through junctions 
of dissimilar semiconductor thermoele- 
ments causes heat to be absorbed and 


thereby efficiently heat the platform, 
will be employed. System temperature 
will be held in a ground environment 
of 120F with air used as a coolant, ac- 

• Gyros— Use of gyros employing gas- 
lubricated spin bearings and a mag- 
netically centered float may increase re- 
liability and provide high repeatability 
and low drift. The gas spin bearing is 
believed to be intended to free the sen- 
sitive clement from shifts caused by oil 
lubricants or from offsets produced by 
changes in the thickness of oil films. 
Magnetic field probably will center the 
float, not suspend it entirely, as in the 
magnetically suspended gyro concept. 

• Accelerometers— Pivot axes of the plat- 
form’s accelerometers are horizontally 
oriented about the waist of the cylin- 
drical platform assembly (a 6i-in.-vvide 
and 9.25-in.-long replaceable unit) so 
that undesired pivot side loads are not 
introduced by gravitational forces. 
Semiconductor Use 

Semiconductor microcircuits (prob- 
ably in flat rectangular packages either 
4-in. square or 4 in. by 4 in.) will be 
used extensively throughout the system 
to satisfy a minimum of 85% of the 
avionic circuit requirements. Col. Lo- 
well said. His division is pioneering the 
application of microcircuits in naval air- 
craft (AW July 9. p. 46). 

Microcircuits will be mounted on re- 
movable 14-in. by 4-in. circuit cards, 
or modules, which will be on the gim- 
bals and the platform case to reduce 
maintenance problems. They will be 
supplemented, for example, where pre- 
cision parts may be necessary, by thin- 
film passive components and discrete 
microminiature components. 

Typical development module of this 
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America’s 
allies will soon 
have 


a new 
fighter, 


a new 

ground support 
weapon, 


a new 
missile 
launcher, 


a new 

reconnaissance 

plane, 



It is the Northrop F-5. 

It is the plane selected by the U.S. Department of 
Defense for deployment to our allies in the Military 
Assistance Program. 

There are some good reasons why the F-5 was 
chosen. 


For one thing, it can do many different jobs. It can 
operate as an air-to-air fighter, a close support wea- 
pon, an attack fighter/bomber, or a reconnaissance 
aircraft. 

It can carry 6,200 pounds of payload. Bombs, mis- 
siles, napalm, rockets, or extra fuel. Yet the F-5 


weighs only 8,100 pounds itself, unfueled. 

There are a number of other reasons why the F-5 
was chosen for the Military Assistance Program. 
Speed. Outstanding climbing ability. Range. 

But perhaps one of the most important reasons is 
the F-5’s practicality. In operational squadrons, it 

NORTHROP F-5 


will require considerably less man-hours of aircraft 
maintenance per flight hour than other supersonic 
fighters. And it will operate from the sod fields and 
unimproved runways of forward area bases— the first 
supersonic fighter designed to do this. 

The F-5 will do many jobs. And do them well. 



At Lockheed Missiles & Space Company, 
a dedicated team of scientists devotes 
its entire attention to problems in inter- 
planetary navigation. Of particular interest 
are problems attendant to the guidance 

With many successful accomplishments 
to their credit (such as the Polaris and 

every new challenge with confidence. 

A promising means for manned space- 
craft guidance includes taking celestial 
and planetary optical sightings, feeding 
that information into an onboard com- 
puter, and computing the spacecraft's 

course. The computer will then calculate 
the predicted destination planet error, 
decide if a correction is necessary, and 


compute its value. These procedures 
would be repeated continually until the 
planet is reached. The optimum timing 
and magnitude of correction, in view of 
the information obtained from the obser- 
vations, is the subject of continuing study. 
Even before work on hardware for an 

characteristics must be determined to set 
the requirements to be built into the space- 
craft. An optimum trajectory must be 
shaped for the specific mission, in order 
to realize ultimate effectiveness. An out- 
standing accomplishment by Lockheed 
scientists is the computation of some 
250,000 different orbits to Mars and a simi- 
lar number to Venus. Each orbit varies as 
to speed, fuel, departure, arrival, and 
elapsed time. 


LOOK AT LOCKHEED. ..AS A CAREER 

Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
—such as the Polaris missile, the Agena 
vehicle's superb record of space missions. 
Examine its outstanding advantages— 
location, advancement policies, creative 
climate, opportunity for recognition. 

a more complete Look at Lockheed. 
Address: Research & Development Staff, 
Dept. M-47 C, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor- 
tunity employer. 

SCIENTISTS & ENGINEERS: In addition 
to positions relating to flight mechanics, 

guidance & controls analysis, other im- 
portant openings exist for specialists in: 
Orbit thermodynamics • Electromagnetics 
• Gas dynamics • Chemical A nuclear 
propulsion • Systems engineering • Com- 
puter research • Electronic engineering • 
Communications A optics research 

LOCKHEED 

MISSILES & SPACE COMPANY 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria. California - Cape Canaveral, 
Florida • Huntsville, Alabama • Hawaii 


LOOK AT LOCKHEED IN FLIGHT MECHANICS: 

Further advances in space flight leadership 



type is shown in an accompanying 
photo (see p. 77) in front of an equiva- 
lent function circuit from the LN-3 sys- 
tem. The ASN-44 development version 
is a chopperless, operational amplifier 
and contains semiconductor microcir- 
cuits, discrete high-impedance, preci- 
sion resistors, diodes and capacitors. 
The microcircuits, made by Texas In- 
struments, contain the equivalent of 24 
discrete components. 

Ultimately, Litton hopes that this 
entire module, including discrete com- 
ponents, will be entirely in microdr- 

Not all microcircuit suppliers for the 
program have been selected according 
to Litton and parts arc being purchased 
and placed in sufficient number on life 
test to gather meaningful reliability sta- 

Tcxas Instruments probably will sup- 
ply analog circuits, with Fairchild. Mo- 
torola or Signctics providing backup. 
Texas Instruments also is in line for the 
digital circuits. 

One of the emphases in the VAX 
program is to standardize on a few parts, 
or microcircuits, to minimize the num- 
ber of different parts in the various 
avionics items in the VAX system. 

Litton, for example, in the computer 
amplifier section of the ASN-44, is try- 
ing to reduce the number of basic micro- 
circuits to fire, comprising a mixture 
of digital and analog circuits— flip-flop 
gate, power switching driver, demodu- 
lator-power amplifier, high-gain opera- 
tional amplifier and a high-gain sum- 
ming operational amplifier. While the 
circuit requirements of such widely dif- 
ferent items of equipment as a naviga- 
tion computer and a radar will vary 
considerably, there will be a degree of 
sameness amonz microcircuits through- 
out the system. Col. Lowell said. 

Computer amplifier of the ASN-44 
will house a navigation computer, the 
heading servos ana precision power sup- 



CONTROLLER INDICATOR of ASN-44 
provides longitude and latitude readings and 


Remember the Vultee Model 72? 


POWERFUL DIVE BOMBER IN WORLD WAR II . . . 





...and Barber-Colman was there! 


Remember the German Stukas? 
Impressive combat action by these 
JU87 dive bombers early in World 
War II led the Allied Forces to 
counterattack with their own dive 
bomber — the Vultee Model 72. 
Whether flown by the USAAF as 
the A-31 and A-35, or by the RAF 
as the “Vengeance,” this cantilever- 
wing two-seater easily out- 
performed the early Stukas. 

The Model 72 had a maximum 
dive speed of 368 mph — withstood 
a pullout of nine G’s. Its lone 14- 
cylinder engine developed a maxi- 
mum 1700 hp at 2600 rpm. Range 
at 11,000 ft was 1000 miles- 
armed with two 500-lb bombs; six 
.50 caliber guns in wing center 
sections; one .50 caliber gun in 
rear cockpit; plus 289.5 gallons 
of fuel. 

Total reliability on one engine for 
so much fire power required pre- 
cise control of cylinder-head tem- 
perature. That’s why Barber- 
Colman was there. Our ultrasensi- 
tive d-c polarized relay was the 


heat-detecting element in a bridge 
circuit ... a sophisticated system 
for temperature control, and plenty 
rugged for the hard-working en- 
gine of a Vultee 72. 

When you need actuators, air 
valves, or temperature controls 
that provide a combination of re- 
liability and accuracy — backed by 
experienced creative engineering — 
contact your nearest Barber- 
Colman office. Or, dial us direct — 
Area Code 815/968-6833. 


Douglas DC-8 
Thor Missile Ground Cart 
Beechcraft Queen Air 
North American A3J 
Vertol HC-1B Helicopter 
Lockheed CI30 “Hercules” 
McDonnell F4C 
. . . plus many other modern 
aircraft, rockets, and missiles 
"The art of progress is to preserve 
order amid change, and to preserve 
change amid order." 

— Alfred North Whitehead 



Barber-Colman Company 

Dept. P, 1422 Rock Street, Rockford, Illinois 

AIRCRAFT AND MISSILE PRODUCTS: Air Valves, 
Electromechanical Actuators, Temperature Control 
Systems, Positioning Systems, Transducers and 
Thermostats, Special Ground Test Equipment, 
POLYFORM Electromagnetic Shielding 
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A major requirement of missile producers today is 
forged tungsten shapes. 

Taylor Forge has made significant contributions in 
forging tungsten through intensive development pro- 
grams which established parameters for producing re- 
quired configurations — some of them illustrated here. 

This is typical of the many Taylor Forge achievements 
toward meeting requirements of the jet engine, nuclear, 
launch vehicle, and spacecraft industries. 

For your requirements in any metal — particularly the 
tough ones like tungsten, titanium, magnesium, and 
the nickel base super alloys — Taylor Forge engineers 
are prepared to talk your language! 

g TAYLOR FORGE 

CUSTOM FORGINGS DIVISION 


Taylor Forge & Pipe Works 




Plastic Laser 


of intense crimson-colored light at wave- 
length of 6.150 Angstroms, the highest visi- 
ble wavelength yet reported for lasers, has 
been developed by RCA Laboratories. 
Pulses have 250 microsecond duration. The 

acrylate doped with solid solution of Euro- 
pium chelate. Laser is pumped from ultra- 
violet source at 5.400 Angstroms, and cooled 
to liquid nitrogen temperature. Develop- 

of shapes ranging from Hat sheets to thin 
fibers, company reports. 

ply subsystems, each of which will con- 
tain microcircuits. The navigation com- 
puter subsystem computes velocity 
components. The heading servo pro- 
vides a true heading derived from the 
platform azimuth synchro and an in- 
crtiallv damped magnetic heading by 
adding the true heading to computed 
magnetic variation. The computer ob- 
tains magnetic compass heading and 
other data externally from the aircraft's 
other systems. 

In the system’s alert and magnetic 
align modes, the computer amplifier 

information to the 'piatform. A range 
and bearing computer assembly allows 
for great circle navigation to selected or 
preset destinations. 

At sea, alignment of the inertial sys- 
tem will be possible in less than 5 min., 
compared with present carrier align- 
ment time in excess of 1 5 min., accord- 
ing to Litton engineers. In all, there 
are several alignment modes— including 
normal, rapid, carrier, at-sea and in- 
flight modes. 

System is aligned with respect to local 
vertical and then oriented to true north 
in coarse and fine phase steps, the first 
true for each of the five alignment 

In coarse alignment, Litton explains, 
platform gimbals are aligned to the air- 
craft or to an external reference as 
gyros are brought up to speed. Then, 
with the gyros in control of the plat- 
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form, the accelerometers will level the 
platform and orient it to true north. In 
the normal mode, azimuth alignment is 
achieved by gyroeompassing, in others 
the platfonn is oriented with respect to 
external or stored reference information. 

For at-sea alignment, Litton plans to 
use a transfer alignment method in 
which a hand-carried master reference 
platform provides a continuous, accurate 
source of heading, acceleration, velocity 
and position information. The two plat- 
forms are electrically and physically 
mated through an access hatch in the 

The master reference is similar to the 
airborne platfonn. It’s weight is ap- 
proximated 17 lb. 

Entire AN/ASN-44 system is being 
designed for a storage life in excess of 

range of f - 54 "to Tic'anl an’XlitTto 
withstand a vibration magnitude as high 
as 20g. 

Laser Developments 
Reported at Meeting 

New advances in lasers reported dur- 
ing the recent symposium on optical 
masers in New York, sponsored by the 
Polytechnic institute of Brooklyn, with 
co-sponsorship by Air Force Office of 
Scientific Research, Office of Naval Re- 
search and Army Research Office in- 
clude the following: 

• Blue Fluorescence Observed— Red 
light output of a ruby laser impinging 
on crystals of divalent Europium in lan- 
thanum-chloride and trivalent neodym- 
ium in lanthanum-chloride or lantha- 
num-bromide has produced fluorescence 
in the blue portion of the spectrum. 
Shoblia Singh of the Canadian National 
Research Council reported. Such flu- 
orescence. in which high-energy blue 
photons arc stimulated by lower en- 
ergy red photons, has not previously 

new mechanism of generation. Al- 
though the coherence of the blue ra- 
diation has not vet been determined, 
Singh said that trivalent neodymium in 
lanthanum-bromide and chloride crys- 
tals at 300K temperature produce sharp 
lines in the 0.35 to 1.1 micron region. 
Intensity of the emission increases with 
the square of exciting beam intensity 
and decreases with temperature with 
no emission at 77K. 

• Laser Causes Blood Change— While 
the heating effects of a laser beam on 
biological tissue has long been known, 
recent experiments by Kollsman Instru- 
ment Corp. show that the beam pro- 
duces a molecular-sized electric field 
which can produce electrolytic changes 
in blood, Kollsman’s Victor T. Tom- 
berg reported. The new effect might be 
used to halt bleeding during brain sur- 
gery’, Tomberg speculated. 


• Magnetic Laser Tuning Reported- 
New technique which uses magnetism 
to tune and modulate a laser or to pulse 
it at extremely high repetition rates 
was described bv Dr. Zoltan J. Kiss of 
RCA Laboratories. Using a calcium- 
fluoride crystal containing traces of dys- 
prosium which radiates continuously at 
2.36 microns, RCA is able to tunc the 
emitted beam over a frequency range of 
250 gc. (kmc.) Using another mag- 
netic field excited from a suitable 
source, the laser can be pulsed at a rate 
of 100 kc. with a pulse rise time of 300 
nanoseconds. It is possible to utilize 
the new RCA technique cither for am- 
plitude or frequency modulation of the 
emitted beam. 

• Ultrasonic Shuttcr/Modulator— Use 

of ultrasonics to modulate laser beam 
or to serve as shutter to generate single 
pulses of extremely large magnitude and 
short duration was reported by A. J. De- 
Maria, United Aircraft Research Labora- 
tories. Technique uses ultrasonic crystal 
within the laser's active Fabn-Perot cav- 
ity to vary the refractive index of the 
medium. Interaction of the optic and 
ultrasonic waves can produce cither re- 
fraction or diffraction effects, depending 
upon whether laser beam width is small- 
er or larger than the wavelength of ultra- 
sonic waves. United Aircraft tests were 
conducted using ruby laser which is rela- 
tively insensitive to variations in refrac- 


tive index of its operating medium, 
suggesting that the new technique can 
be applied to a variety of other laser 
materials. DcMaria indicated. 



Gallium-Arsenide Diode 


Gallium-arsenide diode emits infrared radia- 
tion in doughnut-shaped pattern (B) at 0.94 
microns with 0.04 micron bandwidth. Diode 
is mounted in conventional glass package 
(A). Diodes can be pulsed with currents as 
high as 12 amp. at room temperature or 100 
amp. at 77K. Manufacturer: Infrared In- 
dustries, Santa Barbara. Calif. 



What! An AC 400 cps motor with 100 oz.-in. at 490 rpm? Yes. This low slip 
dual speed induction molor provides lorque of 100 oz.-in. al either 490 or 
I 1010 rpm. And. its pancake design illustrates Wrighl engineering and manu- 
facturing capability. Rotor features rugged squirrel-cage _ 
construction with 88 poles within the 10" OD-7" ID Jpf|^|GHT 
slator. Maintenance free. No gear. No brush. No radio D , vision of 

| interference. Wright Division of Sperry Rond Corp., srerrv rand 
Durhom, North Carolina. Ash for Wrighl Motor Data 621. corporation 
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Aviation Week Pilot Report: 


Bell 204B Offers Stability and Quietness 


By David A. Brown 

Ft. Worth— Commercial life exceeding 20 years is expected for the Bell 
204B turbine-powered helicopter, civilian version of the military UH-1B 
Iroquois, which recently received Federal Aviation Agency certification (AW 
Apr. 15, p. 39). First deliveries are being made this month. 

Helicopter, flown here recently by this Aviation Week & Space Tech- 
nology pilot, displayed excellent inherent stability which permitted hands- 
off flight over relatively long distances, responsive controls, a surplus of 


engine power and a proven rotor sy: 
to a minimum. 

In addition, the 204B has extended, 
48-ft. long rotor blades (versus 44-ft. 
blades on the UI4-1B) and 10-lb. inertia 
weights in each blade tip to improve 
materially autorotation and hover char- 
acteristics, in addition to climb, load 
and speed capabilities (see box, p. 88). 
Blade chord has been increased from 1 5 
in. to 21 in. over the UH-1A military 
model. 

Engine is the Lycoming LTC1K-2 
shaft turbine, civil version of the T53- 
L-9. FAA designation is the T5309A. 
Engine has a 5-min. takeoff rating of 
1,100 shp. at sea level and a continuous 
rating of 900 shp. 

Bell forecasts that in the next five 
years commercial sales of the 204B, in- 
cluding foreign military sales, will total 
about 200, with 60 of these going to 
domestic commercial or non-military 
governmental users, 30 to foreign com- 
mercial buyers and about 110 to for- 
eign military purchasers. 


which holds vibration and noise 


In 10 years, a total of 450-500 
sales are foreseen, plus sales of foreign 
production licensees, Agusta in Italy and 
Mitsui in Japan. Agusta’s sales proj- 
ection is 50 helicopters per year for 
the next 10 years. Of this total, ap- 
proximately 141 orders currently are on 
hand and 40 helicopters have been de- 
livered. Mitsui expects sales of 25 heli- 
copters a year for 1 0 years. 

Bell sales forecasts for the machine 
are based mainly on a feeling that tur- 
bine power will gradually come to dom- 
inate the rotary-wing field. This trend, 
the company believes, might be ac- 
celerated if a low-cost, civil version of 
the eventual Army light observation 
helicopter (LOH) with cheap turbine 
power enters the market. 

As things stand now, however, the 
204B is Bell’s turbine-powered market 
entry and the company expects the 
machine’s performance to enable it to 
capture a minimum of 50% of the 


civil market for its size and perform- 
ance class in the years immediately 
ahead. Performance demonstrated dur- 
ing the flight here included: 

• High speeds and rate of climb. Heli- 
copter climbed at 3,000 fpm. with 
maximum engine power and exceeded 
its design speed of 120 kt. without 
using all available power. 

• Excellent inherent stability. For 
cross-country flying, the 204B can be set 
up to hold a course and has little ten- 
dency to wander. Helicopter will hold 
heading, altitude and speed with pilot’s 
hands and feet off the controls. 

• Minimum of noise and vibration. 
The 204B is well suited for either air 
carrier or corporate personnel transport 
work, due to an almost complete ab- 
sence of vibration compared with recip- 
rocating engine helicopters and a noise 
level which permits conversation in the 

Flight was made from Bell’s Ft. 
Worth factory in aircraft N 73910. 
Gross takeoff weight was approximately 
6,800 lb., of which 800 lb. was test 
instrumentation and 1,000 lb. lead 
weights, located in the rear of the 
cabin. Maximum gross weight is 8,500 
lb. Wind was calm and the outside 
air temperature was 46F. 

Albert Averill, Bell experimental 
pilot, pointed out cockpit features and 
demonstrated the engine start sequence. 
Basic control arrangement differs little 
from the military versions, UH-1A 
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(AW Dec. 8, 1958, p. 76) and UH-1B, 
although the instrument panel has 
been changed to eliminate some mili- 
tary gear. 

Dual flight instruments and controls 
arc installed in front of each pilot seat. 
Scats arc adjustable fore and aft and 
vertically. Panel includes rotor/enginc 
tachometer, airspeed indicator, vertical 
speed indicator, altimeter, dual-needle 
radio magnetic indicator (RMI), gyro 
horizon, turn and bank, and engine 
torque indicator grouped in front of 
each seat. Pilot also has exhaust tem- 
perature and gas producer rpm. indi- 
cators on his panel as well as a mag- 
netic compass, ILS indicator and clock. 
Pilot sits on the traditional right side 
in the 204B, in contrast to some Bell 
models which place him on the left. 

Engine instruments are centered on 
the panel and radio gear, engine 
switches and hydraulic controls are on 
the center console between the two 
pilots’ seats. 

Right-side collective has engine gov- 
ernor and engine idle detent release. 
Warning light strips are on the center 
panel. Circuit breakers are on the over- 
head panel, along with some electrical 
switches, heating and lighting controls 
and the cargo sling release. 

Start procedure is simple and con- 
sists of checking circuit breakers on 
the overhead panel, setting fuel valves 
and energizing the starter. 

Twist-grip throttle on the collective 
control can be rotated all the way to 
the idle/cut-off position, but a detent 
prevents the throttle from being inad- 
vertently rotated past flight idle or 60% 
of engine power while in flight. 

During the start procedure, the twist- 
grip is rotated to the detent, but not 
through it, so that if an emergency 
shutdown is necessary', the throttle can 
be rapidly returned to the idle/cut-off 
position to shut down the engine. 

Starter is a triggcr-tvpe mechanism 
located on the pilot's cyclic stick. Prim- 
ing fuel switch on the center console is 
turned on and the starter squeezed. 
When the gas producer reaches 20% 
rpm.. the priming fuel switch is turned 
off to prevent engine overheating and 
the starter is released when the gas 
producer reaches 35% rpm. 

No rotor brake was installed on 
N 73910, the third 204B prototype, so 
that the blades began to revolve as soon 
as the engine came up to speed. Rotor 
brake will be standard on production 
models. 

No engine warmup is necessary, and 
the helicopter was ready for flight as 
soon as the rotor reached operating 
speed. Rotor speed range is 294 to 339 
rpm., and the engine is operating at 
6,600 rpm. at 100% of power, or 
6,000 rpm. at 91% power, the min- 
imum permissible for flight. 

Torque meter is red-lined at 48 psi., 






BORON 

STANDS OUT 


for superior air-breathing propulsion 

Of all the elements in the periodic table, boron stands out for its abil- 
ity to form unusual high-energy compounds. Callery boranes provide 
superior properties for ignition and combustion with air, including: 
high flame speed, high heating value per unit weight or volume, 
pyrophoricity, and thermal stability. Get in touch with Callery for de- 
tails on these boron-based products: 

TRIETHYL BORANE PENTABORANE 

DIBORANE ALKYLATED BORANES 

Callery Chemical Company, Callery, Pennsylvania. Telephone Evans 
City (Pa.) 3520. Offices in Dayton, Ohio; Washington, D.C.; and 
Sherman Oaks, California. 


^AUERV 

C ALLER Y CHEMICAL COMPANY 

IY BORANE AND NITRONIUM PERCHLORATE SUPPLIER 


and flight normally is conducted with 
the torque meter reading in the 20-30 
psi. range. 

The 204B lifted off easily at 21-psi. 
torque and hovered while a quick check 
was made of engine operation gages. 
Exhaust temperature is red-lined at 
638C, and the engine normally oper- 
ates at approximately 500C. A bias sys- 
tem on the fuel control reduces fuel 
flow as the temperature increases. Tur- 
bine inlet temperature stabilized at 
940C. 

Climb Performance 

Tire 204B came off the ground in 
a level attitude, with no tendency to 
yaw or dip. Only minimum control 
forces were needed to hold the heli- 
copter steady. 

Takeoff was to the south. Avcrill 
demonstrated a high-performance climb 
from takeoff to 3,000 ft. The 204B 
climbed at 2,700 fpm. at an airspeed 
of 40-50 kt. with the engine operat- 
ing at takeoff rating of 1,100 shp. The 
204B holds a fairly level attitude during 
climb and a surplus of engine power 
was quite evident. 

Immediately after the climb, descent 
was made to below 1,000 ft. to avoid 
traffic from nearby Greater Southwest 
Airport, and handling qualities of the 
204B were demonstrated. 

Control Forces 

Helicopter responds readily to control 
inputs, but enough force is required, 
even with hydraulic boost on, to pro- 
hibit excessive control movements. 
Controls are sensitive, but the over-all 
impression is that of a relatively large 
helicopter. 

Only problem noted was the extreme 
sensitivity of the anti-torque control 
(rudder) pedals, which provided slightly 
more yaw control than desired, especi- 
ally at higher airspeeds. 

This sensitivity works to the pilot's 
advantage, however, when the helicop- 
ter is being flown in slow-speed condi- 

Onlv the slightest input of left rud- 
der was needed to hold the 204B 
straight while coming into a hover after 


Bell 204B Dimensions 

Fuselage length 

48 ft. 1 in. 

Over all length 

57 ft. 

Maximum width (elc 

ator). .9 ft. 4 in. 

Cabin width 

8 (t. 2 in. 


M It 6 in. 

Tread 

8 ft 8 in. 

Rntm diameter 

48 ft. 

Disc area 

1.810 sq It. 


.0506 

l .p speed (main rote 

815 fps. 


8 ft. 6 in 

Tip speed (tail lotor) 

740 fps 

Cioss weight 

8.500 lb. 
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a landing approach. Anti-torque rotor 

E itch available was increased 15 deg. 

om the military travel of —6 deg. to 
4- 1 6 deg. so that travel available on the 
204B is —7 deg. to 4-20.5 deg. 

This was done to certificate the civil 
version for operation at 20,000 ft. 
Height/velocity (autorotation) perform- 
ance was demonstrated to the EAA at 
5,000 ft. and 8,500 lb. gross weight and 
at a pressure altitude of 10.000 ft. and 
7,500 lb. gross weight on a 75F day. 

To demonstrate the 204B's inherent 
stability', Avcrill straightened the ma- 
chine on course, tightened the cyclic 
stick friction control and removed his 
hands and feet from the helicopter’s 
controls. 

Helicopter held a steady course, dis- 
played no tendency to yaw and did not 
slow down or speed up. The 204B’s 
stability, in fact, appeared to exceed 
that of very light fixed-wing aircraft, 
since minor air buffeting did not cause 
course deflections. 

During nonnal maneuvering, the 
204B flew much like a fixed-wing air- 
craft. There was no need to force it 
through turns, even very tight ones, 
and tbe nose had little tendency to drop 

Helicopter was rolled into a 60-dcg. 
bank and made a 360-dee. turn to the 
right, pulling approximately 2g. Torque 
meter was held steady at 30 psi. and 




UTL TOTAL CAPABILITY 


Helps Make Minuteman Operational 


Selected to perform Development and Qualification test- 
ing of the Minuteman ignition systems, UTL’s experience 
and independent objective performance served three con- 
tractors, including Thiokol and Aerojet in an unprece- 
dented combined effort. 

During this program, technical advances were achieved 
in the missile components, while state-of-the-art advances 
were accomplished in combining the environmental 
stresses of random vibration and acceleration. 

The UTL Technical staff, with comprehensive nation- 


wide facilities, can assist you from development through 
delivery and installation. 

UTL also offers services in... 

RELIABILITY ENGINEERING . ..program plans, train- 
ing instruction, prediction, design review, part selection, 
quality assurance. 

TECHNICAL SERVICES .. .installation, evaluation, 
logistic support, design, technical documentation. 

TESTING . . . simulation of space environments and wea- 
pon system mission profiles, electronic ordnance and cryo- 
genic parts and systems testing. ; _ 


UNITED TESTING LABORATORIES a division of United ElectroDynamics, Inc. ■■■ 
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tlie 204B maintained its entry altitude 
of 700 ft. all through the turn. Entry 
speed of 95 kt. dropped slightly, but 
this could have been prevented by the 
application of more power. 

Rotor noise was noticeable in the 
cabin only occasionally when entering 

Vibration was neither noticeable 
nor particularly disconcerting at any 
time, although it did increase when 
the helicopter approached the upper 
end of its speed range. 

Speed Run 

Speed run was made at approximately 
1,500 ft., and maximum permissible in- 
dicated air speed (IAS) of 120 kt. was 
reached after about 20-50 sec. speed 
buildup from an 80-kt. cruise. Some in- 
crease in noise, mostly transmission 
whine, was noticed above 100 kt., but 
vibration levels remained comfortable, 
and good response was noted through- 
out the entire speed range. 

Rotor speed was 510 rpm., slightly 
below the best rotor speed for vibration 
damping. N 75901 had only standard 
military soundproofing. Extra sound 
work will be done on production ver- 

Torque meter indicated 57-58 psi. or 
about 850-860-shp. engine output dur- 
ing the speed run. Turn and bank indi- 
cator ball was deliberately uncentered 
by applying rudder, and the 204B held 
its speed and remained stable. 

With the engine power available, it 
is possible to fly the helicopter up to 
150 kt. without difficulty, although vi- 


brations increase rapidly with the higher 
speeds, and Bell does not recommend 
the maneuver. 

Normal landing approaches were 
flown for both right and left patterns 
and the 204B had solid and responsive 
controls all the way through the ap- 
proach. Visibility is not as good as that 
from bubble-canopy helicopters, partic- 
ularly in turns away from the pilot's 
seat, but it compared favorably with visi- 
bility from fixed-wing aircraft of about 
the same size. 

Landings could be made to a spot 
quite precisely, using an approach speed 
of 55-60 kt., because of the helicopter's 
stability. Flare must be made at a 
slightly higher altitude than with cur- 
rent commercial helicopters of the same 
class because of the 204B’s longer tail 

Boom was increased in length 2 ft. 
to a total of 26 ft. 5 in. to accommo- 
date the longer rotor blades. 
Acceleration Delay 

Also, pilots accustomed to operat- 
ing reciprocating-engine helicopters will 
have to adjust to the need of the gas 
producer section of the engine in the 
204B to build up speed before abrupt 
power increases are required. 

Method is to inch the collective con- 
trol up slowly during the latter phase of 
an approach so that the gas producer 
will have time to increase its speed. Ac- 
celeration delay of up to 4-5 sec. can 
generally be anticipated from a flight 
idle position. This delay is less during 
cold weather operation and increases 



CAREER OPPORTUNITIES IN THE 

5 AREAS OF 

DALMO VICTOR 

SYSTEM 

CAPABILITIES 



1 AIRBORNE ANTENNAS Important link 



2 AEROSPACE TRACKING SYSTEMS 



bllities ot producing complete complexes, 
trom basic design to erection. 

3 MICROWAVE SYSTEMS Dalmo Victor 
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DALMO VICTOR PUTS "SATAN" TO WORK FOR NASA Project "Satan" improves capability and 

reliability for data acquisition, telemetry and command. Thus NASA's Goddard Space Flight Center's 
worldwide Satellite Tracking and Data Acquisition stations perform pre-designated tasks on the various 
satellite programs — automatically and with minimum maintenance. □ Project “Satan" is an example 
of the key role played by Dalmo Victor in development work with NASA scientists, and in the manu- 
facture of high-performance areospace systems. DV is in the vanguard of new developments in its 
major product areas. If you are interested in becoming part of these challenging programs, Dalmo 
Victor currently is inviting applications from qualified scientists and engineers. For further information 
contact: Director, Scientific and Engineering Personnel. 



The art of programming at mm : Who charts the broad routes computers follow? 


In the broad spectrum of computer applications, programs 
have been developed for one application which can be 
applied, often with minimal change, to other uses. The 
challenge inherent in developing such programs is to 
make them apply so broadly that they have the greatest 
possible flexibility— and so narrowly that they guide com- 
puting jobs without waste or omission. Furthermore, these 
generalized programs are an integral part of the computer 
systems. There are several kinds of programming systems 
which provide the broad routes for the work of IBM com- 
puters: Compiler programs, including FORTRAN, COBOL, 
and the Autocoders • Input-output control and monitor 
programs • Utility programs • Simulation programs. The 


men and women programming at IBM perform a task com- 
parable to that of the engineers and scientists designing 
machine configurations and other information processing 
systems. Among the rewards of professional programming 
at IBM is the satisfaction of discovering practical, down- 
to-earth answers to questions of how to make computers 
do more and better work. They are not easy questions: 
they demand both stick-to-it logic and mental agility— as 
well as plain industriousness. IBM is an Equal Opportunity 
Employer. If you wish to look into the opportunities 
open at IBM, please write to: Manager of Employment, 
IBM Corporation, Department 524D5. 590 Madison Avenue, 
New York 22, New York. 



with higher ambient air temperatures. 

The 2 04B's weighted rotors store so 
much kinetic energy that autorotations 
can almost be taken out of the emer- 
gency maneuver category. Autorotations 
were begun at about 1.000 ft., and the 
engine pulled back to flight idle (60% 
power) as the helicopter was turned to- 
ward the Bell field, about i mi. south 
of the starting point. 

Landing Procedure 

Flare was begun at about 50 ft., and 
the 204B made smooth, run-on landings 
at a forward speed of about 20 kt. Heli- 
copter had a tendency to float as collec- 
tive pitch was increased, and the first 
two autorotations overshot the intended 
touchdown point slightly. 

It is possible to float along the 

g ound. utilizing transitional lift and 
nctic energy in the rotor, for a con- 
siderable distance before the helicopter 
touches down. 

Final maneuver was a repeat of the 
high-performance climb, since Averill 
apparently was not satisfied with the 
original performance of the machine. 
Climb again was to the south, with the 
torque meter indicating 4S psi., the red- 
line on the instrument. 

The 204B climbed at 5,000 fpm.— 
about 500 fpm. more than the design 
speed under the conditions— and did not 
appear to reach the limit of its capabili- 

Bell believes that the 204B is best 
suited for personnel transport work. In- 
terior, however, converts to cargo con- 
figuration readily, and all scats except 
the pilot’s may be folded and stowed. 
Interior cargo capacity of the helicopter 
is 140 cu. ft. External load, carried in 
a sling beneath the fuselage, can be as 
much as 4,500 lb. 

Helicopter Weight 

Equipped empty weight of the heli- 
copter is 4.600 lb. Gross weight for 
internal loading is 8.500 lb., giving a 
useful load of approximately 5,900 lb., 
of which about 5,000 lb. may be cargo. 
Cabin floor is stressed to 1 50 psf. with 
a 2g load factor and to 100 psf. with 
a 5g load factor. 

Internal loads may be limited more 
often by bulk than by weight, although 
part of any outsize load may be carried 
externally. It can be extended through 
the two 4S-in. by 48-in. doors on cither 
side of the cabin. 

Major changes from the military 
version of the helicopter include the fof- 

• Larger rotor system. Rotor blades on 
the 204B arc 48-ft., 21 -in. chord, semi- 
rigid, all-metal types with underslung 
feathering axis. Design has only six 
bearings in the complete hub assembly. 
Blades have extruded aluminum lead- 
ing edge box beam and an extruded 
aluminum trailing edge. Area between 


the two extrusions consists of hexcel 
honeycomb core to which aluminum 
facings are bonded. Full-span brass 
nose block provides mass balancing for 
the blades. 

• Extended tail boom. Tail boom has 
been lengthened two feet to a total of 
26 ft. 5 in. to allow the larger rotor 
blades. Additional internal area has 
been made into a baggage compart- 
ment of 50 cu. ft. and 400-lb. capacity. 
Entrance is through a 28-in. by 21-in. 
door located on the right side of the 

• More powerful engine. Lycoming 
LTC1K-2 engine has a sea-level, 5-min. 
takeoff rating of 1,100 slip, and a nor- 
mal continuous rating of 900 shp. (AW 
Nov. 19. p. 55). 

Certification Changes 

Numerous minor changes are made 
in the machine to permit certification 
under CAR part 7. These included in- 
stallation of two completely separate 
air speed indication systems with dual 
pitot tubes, crash pads and fire protec- 
tion shielding. Fire extinguisher system 
in the engine compartment has three 
outlet points. 

For liigh-altitudc operation. Bell was 
required to increase available tail rotor 
pitch by 1 5 deg. In addition to various 
height velocity demonstrations at alti- 
tude. Bell was required to demonstrate 
engine flameout and relight at a maxi- 
mum operating altitude of 20,000 ft. 
Altitude loss during the relight pro- 
cedure from that altitude averaged 
about 1.500 ft. 

Flight at altitude and with a variety 
of power settings was demonstrated 
with hydraulic control boost turned off. 
Controls without the boost system are 
Stiff, but not particularly difficult to op- 
erate. at least at lower altitudes. 

Transmission was beefed up to take 
the greater loads imposed by the more 
powerful engine, but is basically the 
same as the transmission system on the 
military helicopters. It consists of an 
input bevel gear, connected to the 
engine by a drive shaft, having a spheri- 
cal gear-tooth coupling at each end and 
a two-stage planetary system which 
gives an engine, ■‘rotor speed reduction 
of 20.57:1. 

Hydraulic System 

Tail rotor takeoff drive is on the 
lower aft section of the main transmis- 
sion. System consists of two gear boxes 
interconnected by fisc interchangeable 
tail rotor drive shafts. Engine tail rotor 
speed reduction is 5.99:1. Drive shafts 
are connected by couplings which can 
operate continuously with a misalign- 
ment of 5 deg. and for short periods 
with 5-dcg. misalignment. 

Hydraulic boost system consists of a 
variable-output hydraulic pump, reser- 
voir, accumulator, power cylinders, irre- 



LARGE 

NUMERAL 

DRUM 

ALTIMETER 


With Greater 



advance in altimeter presentation, 
accuracy, and dependability. Ranges 
-lOOO to 50.000/80,000/120,000 
feet. Meets the FAA TSO-ClOb. in all 
• respects. 
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Opportunities in 
Design & Development of 
Advanced Turbine Engines 
for New ASW and 
V/STOL AIRCRAFT 
MOBILE NOCLEAR REACTOR 

Limited warfare concepts have established urgent military 
requirements for new gas turbine engines with greatly 
extended capabilities. 

Allison — longtime world leader in Turboprops — is now 
developing new engines to meet advanced requirements for 
ASW and V /STOL types of aircraft. These include a ther- 
mal regenerative turboprop which would more than triple 
on station time for an ASW aircraft. In addition, Allison is 


92 


studying optimum turbine engines for a highly mobile Mil- 
itary Compact Reactor it is developing for the Atomic 
Energy Commission. 

Acceleration of these and other solid, advanced turbine 
engine development programs creates immediate opportuni- 
ties for engineers and scientists— BS & MS— experience 
preferred: Mechanical Engineers . . . Electrical Engi- 
neers . . . Aeronautical Engineers . . . Chemical Engi- 
neers . . . Metallurgists . . . Mathematicians. Work 
areas include: 

• STRESS ANALYSIS • MECHANICAL DESIGN 

• AERODYNAMICS • CONTROL ENGINEERING 

• THERMODYNAMICS • DEVELOPMENT ENGINEERING 

Positions involve work in design and development of all 
types of advanced turbine engines and components includ- 
ing new compressors, turbines, reduction gear assemblies, 
turbo machinery for industrial use, etc. 

A promising future awaits those who qualify. Send your 
resume TODAY, or write to: Mr. V. A. Rhodes, Profes- 
sional and Scientific Placement, Dept. 1304, Allison Divi- 
sion, General Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 


.Allison 


vcrsible valves and connections. Pump 
is driven by the transmission to ensure 
operation in the event of engine failure. 

Boost cylinders are connected to the 
mechanical linkages of the flight con- 
trols. Pressure in the closed-type system 
normally is 900 to 1,100 psi., and a red 
warning light on the panel indicates low 
pressure. Irreversible valves prevent ro- 
tor feedback forces in the event of a 
system malfunction. 

The 204B has not been certificated 
with auxiliary tanks, although several 
developed for the military arc available. 
Normal fuel capacity is 165 gal. of JP-4, 
but addition of another 40-gal. tank as 
standard equipment is planned. 

Range at maximum gross weight with 
165 gal. fuel is about 208 mi. with re- 
serves. At 6,000 lb. gross weight, range 
is 265 mi. with reserves. 

Features designed into the 204B as 
a military aircraft should prove bene- 
ficial to commercial operators in main- 
tenance time and costs. Army wanted 
a helicopter which could perform its 
missions under all possible environ- 
mental conditions with a minimum 
of maintenance personnel, spares and 
equipment. 

For this reason, the commercial 204B 

• Integral work decks around the en- 
gine, main transmission and pylon. 

• Portable maintenance hoist capable of 
raising the engine or pylon components. 
Stand is of tripod design and held in 
place by quick-disconnect pins on the 
work deck. It can be broken down and 
transported by air. 

• Standard lubricating oil in all gear 
boxes, the main rotor hub assembly and 
the engine. Oil is MIL-7-7808, a syn- 
thetic lubricant developed for the mili- 
tary, but available on the commercial 
market. Oil sight-level gages are incor- 
porated in all components which use 
oil as a lubricant. Engine has a 6-qt. 
sump and has been operated as much 
as 70 hr. without needing additional oil. 

• Minimum of lubricants. Only two 
types of grease arc used— one for appli- 
cation by grease gun, the other a hand- 
packed type for use in the main and tail 
rotor drive shaft couplings. 

• Interchangeable rotor blades includ- 
ing tail rotor blades. 

• Hinged, non-stmctural access doors 
which have quick-opening fasteners and 
swing away from covered components. 

• Minimum of special tools, only five 
of which are needed for field maintc- 

Rotor blade life requested for cer- 
tification is 1,500 hr., but Bell is con- 
fident blade life can go up to 5,000 hr. 

Military maintenance experience in- 
dicates that slightly more than 1 hr. of 
maintenance is needed for each hour of 
flight. Of this, two thirds is organiza- 
tional maintenance and one third is 
field maintenance. Bell hopes to reduce 


this to a 1:1 ratio of flight to mainte- 
nance time for commercial use. 

Projections of commercial sales over 
the next five years indicate that Bell 
expects the 204B to make a significant 
market penetration in five areas— air car- 
rier operation, non-military govcm- 

poratc users and overseas markets, in- 
cluding foreign military. 

Bell studies show there is a market 
for the 204B with both scheduled and 
non-scheduled air carriers, although the 
former probably will be the largest pur- 
chasers. 

Success of San Francisco & Oakland 
Helicopter Airlines as a non-subsidized 
carrier has heightened interest among 
prospective operators in the possibility 
of successful helicopter operation in 
other metropolitan areas. Bell believes. 
The company foresees a helicopter air- 
line in every major metropolitan area 
within five years. 

Andreas Aastad, 204B sales specialist, 
believes Bell will capture up to 50% 
of the 50-helicopter market he foresees 
developing in the air transport industry 

Governmental agencies— forestry serv- 
ices, police, TVA and NASA— will pur- 
chase a minimum of 20 204Bs in the 
next five years, the company believes. 
Although Bell does not expect the 204B 


to replace the widely used Bell Model 
47, current Model 47 operators will 
get a 204B demonstration during sales 
promotion tours which will begin in 

Sales to commercial operators will be 
based largely on the productivity of the 
helicopter. Aastad feels, and he believes 
that the 204B's combination capacity, 
speed and lower costs (about S56 per 
hour now counting retirement items) 
will make a market for at least 30 in the 
next five years. 

Big breakthrough, as far as sales are 
concerned, probably will come in the 
corporate market. Bell expects the 204B 
to be the first helicopter capable of 
competing effectively with fixed-wing 
business aircraft. Nine-passenger capac- 
ity plus faster block time for short dis- 
tances should give it this competitive 
ability. Aastad said. The 204B may 
open the door to corporate sales that 
previously had been closed to rotarv- 
wing aircraft, he said, and he expects 
a market for 20 of the helicopters to 
develop over the next five years. 

Foreign sales are less accurately pre- 
dictable. due to political and financial 
instability in some nations, but Bell ex- 
pects to sell about 140 204Bs abroad, 
exclusive of foreign licensed production. 
Political and financial changes could al- 
ter this estimate. 


U. S. Business & Utility Plane Shipments 
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...TRW-130 Digital Computers, we re reducing the price $10K 



PAC Receives Certification for Tradewind 


By C. M. Plattner 

Burbank, Calif.— Conversion of the 
Twin Beech’s dual fin and rudder into 
a single, swept, vertical tail plus addi- 
tion of tricycle landing gear gives a com- 
plete, new-plane appearance to the air- 
craft. These two modifications arc the 
most noticeable of several, which Pacific 
Airmotivc Corp. has incorporated into 
a new Twin Beech configuration, called 
the Tradewind. 

PAC, attempting to market a com- 
plete aircraft rather than modify pri- 
vately owned planes, has obtained a 
single, supplemental type certificate 
from Federal Aviation Agency cover- 
ing five different modifications. Four 
of the five modification kits were de- 
veloped by the company, and include 
higher gross weight, wrap-around wind- 
shield, picture window, and single tail 
conversion kits. PAC is distributor for 
the other conversion packagc-the Vol- 
par (Volitan Aviation and Paragon 
Tool) tricycle gear kit. 

Company will modify privately 
owned aircraft to Tradewind configura- 


tion, but their primary interest is in 
selling Tradcwinds, tailored to customer 
requirements with various optional 

''Major modifications that were per- 
formed on the Twin Beech to convert 
it to Tradewind configurations include 
the following: 

• Single tail modification kit. Package 
includes replacing double tail of the 
Twin Beech with a single fin and rud- 
der. This increases vertical fin and rud- 
der areas from 20.1 to 23.7 sq. ft. and 
13.5 to 17.7 sq. ft. respectively. Addi- 
tional vertical tail area provides better 
lateral stability and handling character- 
istics and swept fin reduces drag. Ele- 
vator surface area also is increased from 
22.0 to 23.5 sq. ft. when sectors needed 
for freedom of movement of dual rud- 
ders are eliminated. 

• Gross weight conversion kit. Boosting 
the aircraft's maximum gross takeoff 
weight to 10,200 lb. (8,750 lb. for Twin 
Beech), this kit allows each engine to 
develop full rated METO power of 450 
hp. Formerly, Twin Beeches were 
limited to 400 hp. on each engine be- 


cause of cooling problems. To more 
effectively cool the engine, jet exhaust 
stacks, a new ram air scoog and dif- 

package also provides for an increase in 
angle of incidence of horizontal stabil- 
izer from -2.0 to -0.5 deg. to improve 
longitudinal stability and handling char- 
acteristics, and installation of new wing 
tips to reduce tip stall speed. 

• Volpar tricycle gear kit. Main gear- 
tail wheel combination is replaced with a 
tricycle gear. Aircraft is turned by brak- 
ing and differential power since no nose 
wheel steering provisions arc incorpor- 
ated. Modification package also in- 
cludes installation of a new. streamlined 
nose with glass fiber tip. The new nose 
section, 38 in. longer than that of the 

equipment (RCA AVQ-55 or Collins 
WP-103) and radio gear. 

• Picture window kit. Passenger visibil- 
ity is increased by addition of two 13.5 
X 49-in. picture windows, one on each 
side of the cabin. The smaller 13.5 
X 19-in. windows on each side of the 
picture windows also arc larger than the 



To the one engineer in X, 000 
qualified to get in on the ground floor of 
an unusually select engineering group 


Several years ago, we formed the nucleus 
of our Space & Armament Systems Group. 
Its assignment: to originate ideas for new 
missions, define their feasibility and de- 
termine how to accomplish them. 

To make this group successful, we ob- 
viously needed the exceptional engineer. 
More specifically, we agreed that only 
one engineer in X,000 had the experience 
and ability needed for such demanding 
work. This decision paid off. 

Our Space & Armament Systems Group 
has proven so valuable on vital projects 
such as Apollo Command & Service Modules 
that we believe it is one of the most im- 
portant keys to our future growth. 

Because of its fine record, we’re ready 
for another step — adding the handful of 
experienced systems engineers whose ideas 
and talents will help create a breakthrough 
to even bigger things. 

To these few engineers, we offer the 
opportunity to get in on the ground floor 
of a specialized group that’s just starting 
to realize its potential. 

Maybe you’re one of these men? May- 
be you’re not? 

You’ll Have to be a real pro. You can tell 
this from the qualifications at right. But 
there’s more to it than that. You’ll have 
to spark others with suggestions and 
ideas. Take charge of your job . . . follow 
through with minimum supervision. 

You’ll have to be human, too. Big 
enough to shoulder some of the blame 
when little things go wrong. Big enough 
to pass along some of the credit for success. 

On the other hand, we expect you to 
take some time to get your feet on the 
ground. We’d be delighted, of course, if 
you could come up with some brilliant 
ideas your first week or so. But we admit 
that this would be asking quite a bit. 
You’ll have to enjoy variety. Some engi- 
neers don't like change. If you feel this 


way, you’d be unhappy from your first 
day on. In this exclusive group variety 
isn’t the exception . . . it’s the rule! 

You’ll have to earn your own way. As you 
might suspect our starting salary for such 
specialized work is quite liberal. But from 
then on, it’s up to you. We pay on merit 
only. You set the rate at which you ad- 
vance. This applies to promotions, too. 
We’ll move you ahead as fast as you can 
handle the work. Frankly, this is as much 
to our advantage as yours. As far as 
fringe benefits are concerned, we have 
retirement insurance stock purchase plans 
. . . and all the rest. 

You'll have to work hard. This job is any- 
thing but a snap. We’d be dishonest if we 
didn’t tell you now. Most of the engineers 
in this senior Systems Group put in occa- 
sional nights and week ends. You probably 
will, too. In addition, it would be unusual 
if you didn’t find yourself up against 
problems that would keep you awake 
more than one night. 

What we would like from you . . . now. 

We’ve briefly covered a few of the ad- 
vantages (and what some may consider 
disadvantages) of joining our Space & 
Armament Systems Group. If you meet 
the requirements at right and want to 
learn more, we’d appreciate hearing from 
you immediately. 

There’s no need to send a detailed re- 
sume, however. Just mail a brief list of 
your qualifications along with a rough 
idea of your salary requirements to: 

Richard A Friedrichs 

Honeywell Aeronautical Division 

2618 Ridgway Road 

Minneapolis 40, Minn. 

He’ll contact you personally. Your in- 
quiry will be held in strict confidence. 


Honeywell 
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Key positions open 
now in Honeywell’s 
young, vigorous 
SPACE & ARMAMENT 
SYSTEMS GROUP 




Honeywell 



An equal opportunity employer 



standard 1 0 x 20 windows of the Twin 
Beech. 

• Windshield modification. New, two- 
piecc. wrap-around windshield elimi- 
nates all panel dividers, except where 
the two sections join, providing essen- 
tially unrestricted forward and side visi- 
bility. 

Twin Beech aircraft, which PAC will 
convert to Tradewinds include G and 
H models of the C-45, SNB-5, and 
D-18S. 

After conversion, the price of the 
basic Tradewind is 597,000. This in- 
cludes all modifications performed, with 
no time since overhaul on the airframe, 
engines, propellers and accessories, and 


a single panel of flight instruments. No 
radio equipment is included at this 
price, hut the customer has a choice of 
a fi\e. six or seven-passenger interior 
floor plan. 

Optional items include a dc luxe dual 
instrument panel for SI. 750 and three 
radio packages, ranging from $24,065 
to $51 ,600. Fuel capacity may be varied 
to meet customer s requirements by in- 
stallation of two 50- or 100-gal. wing 
tanks outboard of nacelles. This would 
supplement the basic Trndewind’s 202- 
gal . capacity carried in four internal 
tanks. 

A total of 402 gal. would afford 
a maximum range of 2,100 stat. mi. 
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Financial Briefs 


Problem: 

THERMAL STABILITY 



...KEEP IT COOL... KEEP IT CONSTANT! 

T hermal Design Engineers know the type of problems we 
face. For example, design an Inertial Platform in which the 
temperature characteristics are predetermined, BEFORE 
FABRICATION, and subsequently controlled to within one-half 
degree Fahrenheit plus or minus 15%, and the temperature 
gradients are minimized! 

■ The solution involves total thermal design for atmospheric 
as well as space conditions. You'll use every trick up your sleeve 
to solve it. Naturally, you’ll be thoroughly familiar with digital 
and analog computation, with experience in using Bode, Nyquist, 
and root locus techniques, too. And while you may not have had 
occasion to explore Lyapunov functions, Pontryagin’s Maximum 
Principle and Bellman's Dynamic Programming, you’ll be ready 
to study every new technique applicable to this important phase 
of our systems engineering efforts. 

■ Sound just like your cup of tea? Then let us know! Remember, 
too, there are challenging opportunities here for Engineers and 
Scientists AT ALL LEVELS OF EXPERIENCE, in a wide variety 
of interesting technical programs. 

■ A brief note addressed to M. K. Keese, Honeywell, 13350 
U. S. Highway 19, St. Petersburg, Florida, will bring a prompt, 
confidential reply and probably an invitation to visit with us to 
see our facilities, meet our people and discover for yourself 
the many added advantages of working and living here on 
Florida's Suncoast. 


Honeywell .. 



Twin Industries Corp. Buffalo, N.Y., 
earned $517,581 on sales of $24.1 mil- 
lion during 1962. Comparable 1961 
figures showed $1.2 million earned on 
sales of $29.1 million. 

Edo Corp., reports $17 million in 
sales and an income of $487,000 for 
1962. Comparable 1961 figures showed 
sales of $16.5 million with an income of 
$584,000. 

Wcstinghouse Electric Corp., showed 
a net income of $57 million on sales of 
over $1.9 billion for 1962. Comparable 

1961 figures were S45.4 million earned 
on sales of slightly over $1.9 billion. 
Increased earnings are attributed to im- 
proved operating efficiency from mod- 
ernization and other programs. 

Avnet Electronics Corp., reports earn- 
ings of $1.6 million on sales of $22.8 
million for the first six months of the 
fiscal year ended Dec. 31. Earnings for 
the same 1961 period were over $1.5 
million on sales of $19.4 million. 

BorgAVamer Corp. earned $33 mil- 
lion on sales of nearly $659 million for 
1962. Figures arc 41% and 121% in- 
creases respectively over 1961. Per share 
earnings totaled $3.61 in 1962 com- 
pared with S2.57 the previous year. 
Borg-Wamer attributes increased earn- 
ings to benefits accruing from 1960-61 
investment in new plants and equip- 
ment as well as increased sales. 

Grumman Aircraft Engineering 
Corp., Bethpage, L.I., N.Y., earned 
over $6.2 million on sales and other 
income totaling almost $357.4 million 
for 1962. Comparable figures for 1961 
were $6.1 million earned on sales and 
income of $317.3 million. Per share 
earnings were $2.81 in 1962 and $2.76 
the year before. 

Amphenol-Borg Electronics Corp., 
and subsidiaries report 1962 sales of $93 
million with earnings of $2.3 million 
equal to S1.69 per share. Sales for 1961 
totaled $73.2 million with earnings of 
S623,299-or 45 cents per share. Fourth 
quarter 1962 earnings were $752,134 
on sales of over $27.1 million compared 
with a net loss of $268,834 on sales of 
$20 million for fourth quarter 1961. 

Sperry Rand Corp. had sales of SS90.6 
million and earnings of over $11.9 mil- 
lion for the nine months ended Dec. 
31. Figures for the same 1961 period 
showed sales of $857.8 million with 
earnings of over $18.2 million. 

Minncapolis-Honcywcll Co. earned 
over $26.8 million— $3.72 per share-on 

1962 sales of nearly $596.3 million, ac- 
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cording to preliminary reports. Honey- 
well's 1961 earnings totaled S24.9 mil- 
lion— $3.48 per share— on sales of almost 
$470.2 million. Military and space 
business showed the largest growth dur- 
ing the year and accounted for 40% of 
total sales in 1962. 

Aeroquip Corp.’s earnings for its first 
quarter ended Dec. 31 totaled S528.316 
on sales of S14.2 million— compared 
with earnings of S701.724 on sales of 

512.5 million for the comparable 1961 
quarter. 

Kaiser Steel Coq>. had a net loss of 
$5.2 million— $2.52 per share— on sales 
of $232.3 million. Comparable 1961 fig- 
ures show an income of S17.1 million- 
S4.23 per share— on sales of S265.9 mil- 
lion. Loss is attributed to lower demand 
for steel in the western U. S. and com- 
petition from foreign imports. 

United States Steel Corp. had fourth 
quarter 1962 earnings of $41 million on 
sales of $855.5 million. Yearly income 
for 1962 totaled $163.9 million on sales 
of $3.5 billion-compared with 1961 
income of $190.2 million on sales of 
over $3.3 billion. 

Lear Siegler, Inc., earned $2.9 million 
on sales of $9S million for the six 
months ended Dec. 31. For the three 
months ended the same date, Lear Sieg- 
ler earned $1.5 million on sales of S51 
million. There are no comparable fig- 
ures for 1961 since Lear, Inc., and Sieg- 
ler Corp. merged in June, 1962. 

Telecomputing Corp.'s preliminary 
report for the year ended Oct. 28 
showed earnings of $770,321 on sales of 

543.5 million. Comparable 1961 period 
showed a net loss of $6.9 million on 
sales of $38 million. 

National Aeronautical Corp., of Ft. 
Washington, Pa., and subsidiaries, had 
sales of $10.2 million and earnings of 
$961,000 for the fiscal year ended Nov. 
30. Comparable figures for the proceed- 
ing year showed sales of over S9.2 mil- 
lion with earnings of $640,000. 

Continental Motors Corp. sales for 
the fiscal year ended Oct. 31, totaled 
S171.9 million with earnings of S2.7 
million— increases of 34% and 90% 
over the proceeding fiscal year’s totals of 
$127.8 million in sales and earnings of 
$1 .4 million, 

Moog Servocontrols, Inc., earned 
$124,954 on sales of $4.6 million during 
the second quarter ending Dec. 31. 
Earnings for a comparable 1961 period 
were $76,935 earned on sales of $5.9 
million. Total for the six months ended 
Dec. 31 were $223,311 earned on sales 
of $8.3 million compared with S106.- 
010 earned on sales of $5.9 million for 
the same 1961 period. 



X-20 Power Source 

X-20 (Dyna-Soar) clectric-liydraulic power 



in" in Seattle. It is one of two identical 
units to be used aboard the orbital glider. 

Hercules Powder Co. Inc., had 1962 
earnings of S31.2 million on sales and 
income of S454.S million-1256 and 
20% increases respectively over 1961. 

Radio Coq>. of America had 1962 
sales of S1.751 billion with operating 
profits of S51.5 million equal to 52.84 
per share. Sales in 1961 totaled 51.5-16 
billion with operating profits of 535.5 
million— equal to SI. 95 per share. 

Ling-Temco-Vought, Inc., earned 
over $8.6 million on sales of S323.4 
million during 1962. Comparable 1961 
figures showed a net loss of SI 3 million 
on sales of SI 92.8 million. 

High Voltage Engineering Corp., 
manufacturer of particle accelerators, 
earned $1.4 million— 60 cents per share 
—on sales of S17.2 million during 1962. 
High Voltage earned SI. 2 million-50 
cents per share— on sales of $13 million 
in 1961. 

Baldwin-Lima-Hamilton Corp. had 
1962 earnings of SI. 9 million on sales of 
S125.3 million. Earnings in 1961 to- 
taled SI. 4 million on sales of SI 09 mil- 
lion. Per share earnings totaled 45 cents 
in 1962 and 33 cents in 1961. 

Mclpar, Inc., earned $1.2 million on 
sales of nearly S45.8 million during 
1962. Earnings for 1961 totaled S746.- 
316 on sales of $36.2 million. Per share 
1962 earnings were 4S cents compared 
with 30 cents for 1961. 

Breeze Corp., had consolidated 1962 
sales of $10.2 million with earnings of 
$127,338. Comparable 1961 figures 
were sales of S9.1 million and earnings 
of $65,178 after a credit of $85,630 on 
sale of assets which offset a net loss. 

Kaman Aircraft Corp. had sales of 
$75 million and earnings SS02.500 for 
1962. Sales for 1961 totaled $59.7 mil- 
lion and earnings totaled $925,087, De- 
crease in earnings arc due to helicopter 
development costs during the year. 



MATERIALS FOR 
MISSILES AND SPACECRAFT 



10 DAYS' FREE EXAMINATION 
DIRECT FROM PUBLISHER 
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Systems Analysts & 
Preliminary Design Engineers 
for Advanced Space Guidance 
& Control Systems 


Rapid expansion of space con- 
tracts, projects and studies at the 
HUGHES Aerospace Divisions in 
Southern California has created 
unusual opportunites for several 
qualified Engineers, Physicists 
and Mathematicians for Advanc- 
ed Space Systems assignments. 
Space-mission openings are avail- 
able in the following areas: 
m INTERPLANETARY GUID- 
ANCE & NAVIGATION 

■ TRANS-LUNAR GUIDANCE 
& NAVIGATION 

■ EARTH ORBIT NAVIGATION 

■ RENDEZVOUS & RE-ENTRY 
GUIDANCE 

Current requirements include: 
Guidance & Navigation 
System Synthesis 

To study and develop guidance 
and navigation equations and 
techniques; make feasibility and 
error analyses; establish subsys- 


tem and component require- 
ments; conduct system prelimi- 
nary design; plan inertial, optical 
and electro-magnetic instrumen- 
tation. 

Control System Synthesis 

Toanalyze control system require- 
ments for various space vehicles; 
establish subsystem and compo- 
nent requirements; conduct sys- 
tem preliminary design; study 
measurement instrumentation 
and torque-producing equipment. 
Simulation 

To plan digital simulation for 
studies related to earth orbital, 
trans-lunar, interplanetary and re- 
entry trajectories; analog simula- 
tion of rendezvous guidance and 
control systems. 

Applied Mathematics 
Space mathematics applications 
related to orbit determination, tra- 


jectory analysis, optimization pro- 
cedures, perturbation theory and 
space mechanics. 

If you hold an accredited Engi- 
neering, Physics or Mathematics 
degree, are a U. S.citizen and feel 
that you are qualified by interest 
and experience in one or more of 
these areas, please airmail your 
resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 
HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 58, California 



WE PROMISE YOU A REPLY WITHIN ONE WEEK. 


^CROSPACE DIVISIONS 


100 


WHO'S WHERE 


(Continued from page 19) 
Honors and Elections 

Louis Morda, of the Technical Staff Air- 
craft Engineering and Manufacturing 

rccc^v<d°tlic^ C itahan^ of 

Officiate dcll’Ordine al Mcrito della Repub- 
lic Italiana in recognition of "assistance 

crafHndustrv in the^ficlToKhn^virtiou '' 
Cyrus S. Collins, vice president-sales and 
traffic for Pan American-Craee Airways, has 
been elected president of the Argcntinc- 
American Chamber of Commerce. Inc. 


Changes 

John W. Anderson, general manager. 
Minncapolis-Honcywcll's newly expanded 

Dr. Clarence R. Gates, ^hief. Systems 
Div„ California Institute of Technology Jet 
Propulsion Laboratory. Pasadena. Calif., and 
[ohn G. Small, deputy chief. Also: James F. 
” ' nager. Electrical s~‘'~ 


n R. New 


1 Data 


of market- 


ed Far East for the Boei 


Corp., Baltimore 
William G. ’ 


Robert O. Bun 


Managem 
Kollsman 
N. Y.. a : 


Waugh Engineering Div.. The Foxboro 
Co., Van Nuys, Calif. 

George S. Moore, director. Federal Avia- 
tion Agency’s Flight Standards Service, suc- 
ceeding George C. Prill, now assistant ad- 


the FAA’s Office of In- 


D. M. Tencnbaum, assistant m 
era turns. Aerojet-General Corp. 
Rocket Plant. Sacramento. Calif. 
J. G. Oboist, chief-program a 


tion, Mc- 


Jamcs W. Jones, regional manager of the 
newly established Washington. D. C., office 
for Singer Metrics Div. of The Singer Mann- 


DEFENSE CONTRACT AWARDS 

First Fiscal Quarter Summary— 1963 

Now available free from AVIATION 
WEEK & SPACE TECHNOLOGY are 
summary reports of defense contract 
dollar awards covering the first fiscal 
quarter of 1963. These reports show de- 
fense dollars awarded in 179 product/ 
system categories as compiled by Frost 
& Sullivan, Inc. Information is also avail- 
able on the second fiscal quarter 1962; 
third fiscal quarter 1962; and fourth 
fiscal quarter 1962. 


Reports are available on an individual request 
basis in the following system areas: 


Data Processing 
Navigation 

Meteorological Systems & Components 
Vehicles, Ordnance, Vessels 
Services 

Electronic Warfare 
CBR Warfare 
Communications 
Missiles & Space 

Basic Research 

Miscellaneous Components & Sub- 
Assemblies 


Contact your AVIATION WEEK & SPACE 
TECHNOLOGY District Manager or write to: 


AVIATION WEEK & SPACE TECHNOLOGY 

RESEARCH DEPARTMENT 

330 West 42nd Street, New York 36, N.Y. 


§) Aviation Week 

& Space Technology 

A McGraw-Hill Publication 
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CHALLENGES MULTIPLIED BY 160 

X1BD 

put our team in space 


M OPPORl 
SYL 


APPLIED RESEARCH LABORATORY 





A 


ENGINEERS AND SCIENTISTS 



wresting new technologies 


from the 

electromagnetic spectrum 


...an accelerating evolutionary process. It is less than 70 
years since the historic occasion when electric waves were 
first harnessed in a practical system for the service of man- 
kind— Marconi’s wireless telegraph. 

Since then, scientists and engineers have uncovered new 
phenomena along the electromagnetic spectrum — utilizing 
shorter and shorter wave lengths, higher and higher energies. 
Today we have earth/space communication systems, in- 
frared and ultra-violet detection systems, electronic recon- 
naissance and countermeasures, high speed digital data 
processing, and command/control networks. 

In these and other advanced areas, Sylvania Electronic 
Systems plays an important role. Its investigators work on 


the frontiers of new knowledge in tasks concerning: trans- 
mission of data from space vehicles through laser beams; 
new ways for space vehicles to "see" objects in color; 
and hardened antennas which survive nuclear attack. 

Wide career latitude is possible within 19 integrated re- 
search and development engineering laboratories spread 
across the country, or with the world wide Product Support 
Organization; or with the Systems Engineering and Manage- 
ment Operation (SEMO), responsible for the planning, engi- 
neering and direction of major government contracts. Career 
progress in technical specialties, technical management, or 
program / project management is equally encouraged and 
rewarded. 



■^SYLVANIA ELECTRONIC SYS! 

Government Systems Managemen 

^Jor GENERAL TELEPHONE s ELEDTRL 



Equal Opportunit 





105 
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DA VINCI, CIRCA 1500 


a dream 
comes true 




Leonardo da Vinci, equally famous for his engineering genius as well as 
for his Mona Lisa painting, visualized the helicopter concept, Unfor- 
tunately, his machine did not successfully fly. The reason — he worked 
alone. He did not have the opportunity to enjoy the engineering team- 
work such as exists at GYRODYNE. 

Here, our engineering team developed, designed and is now producing 
the QH-50C highly maneuverable, pilotless helicopter which operates 
from a U.S. destroyer flight deck. Guided by remote controls, it fiys to 
a submarine target area, drops its torpedoes and returns to the ship 
for reloading and relaunching. 


Cleveland locations. Minimum ol 5 years heavy 
experience and EE degree required. 

Structures Engineers: Establish criteria lor heli- 

structure and mechanical components. Conduct 
test analysis program. Minimum 5 years experi- 
ence and ME/AE degree required. 

Test Analyst Engineers: Conduct electronic, me- 
chanical, electronic testing programs on all types of 
components including airframe structures, trans- 
missions, power plant, blades, electronic ground 
equipment, avionic equipment, etc. Minimum 5 
years experience plus Engineering degree, 
field Service Engineers: OASH Program support 
activities -involving Drone helicopters and ship- 
board control equipment. East or West coast as- 
signments. Perform troubleshooting, reliability 
investigation and analysis. Minimum live years 
field experience, familiar with auto-pilot, flight 
controls, transistor circuitry, analog/digital com- 
puters, telemetry, electronic systems. EE, AE, 
Physics major. Training and orientation, on full 
salary and per diem, at main N. Y. Plant. 


The absence of engineering teamwork in the early days, retarded man's 
progress in science and technology for centuries. We can only conjec- 
ture that such frustrations to da Vinci possibly led to his painting 
Mona Lisa. 

We think da Vinci would have liked it here — Maybe you would too. 

Explore our challenging opportunities. Send your confidential resume 
to our Personnel Director, St. James, L. I., New York. 


f^yroUyne 

A COMPANY OF /AMERICA. INC. 

AN EQUAL OPPORTUNITY EMPLOYER 




The Pleasant Face of Connecticut 
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‘hot” fastening problems with 
mgii temperature Elastic Stop" nuts 


ESNA, pioneer producer of self-locking nuts to 
military specifications, has solved hundreds of spe- 
cialized problems related to the destructive effects 
of extreme heat (or cold!) on bolted connections. 

All of the parts shown here— as well as most of 
the high-temperature designs now accepted as 
standard for assembling gas turbine engines— orig- 
inated and were first tested in ESNA’s labs. 

Is your work in these areas? 

Recent ESNA engineering developments include : 
1. A lightweight nut to carry small tensile loads for 
at least 30 minutes at 2000 °F while retaining lock- 
ing torque, and to be removable from the bolt after 
exposure. 2. A nut for use in a radioactive environ- 
ment, at temperatures to 1200 °F, which can be as- 
sembled/disassembled by a limited-strength robot 
hand. 3. A nut for space vehicles which can endure 
short periods at up to 2700°F while maintaining 
locking torque, resistant to high vibrational loads 
when returned to lower temperatures. 

Come to ESNA for solutions— 
ready-made or custom-tailored 

ESNA may be able to suggest a standard produc- 
tion item to solve your high temperature application 
problem. If no ready-made answer exists, ESNA has 
the capability— and the interest— to work with you in 
the creation of a special solution. Call MUrdock 
6-6000, Ext. 201, for engineering assistance. For in- 
formation about standard high temperature Elastic 
Stop nuts, write Dept. S74-425. 


HEAT COLORS AND APPROXIMATE MAXIMUM 
WORKING TEMPERATURES OF VARIOUS METALS 


ABOVE 



2400° F 
2400° F 

2200° F 
2000° F 


MOLYBDENUM 
BASE ALLOYS 


COLUMBIUM & 
C0LUMBIUM 
BASE ALLOYS 


1800° F 


1600° F 



NICKEL OR 
► COBALT BASE 
ALLOYS 


1400° F 




Some practical ESNA solutions 



Reduced hex, light- 
weight nuts to develop 
full tensile strength of 
bolts of 140 KSI at 
temperatures — 300°F 
to 900°F. A286 stain- 
less steel, silver plated. 
Sizes 2 — 56 through 
3/8"-24. 



Special close-clearance 
nuts to develop tensile 
strength of 160 KSI at 
temperatures to 900° F 
when used on bolts of 
same material. AMS- 
6304 chrome moly va- 
nadium steel, silver 
plated. Sizes 10—32 
through 3/8"-24. 


High performance nuts 
to develop full strength 
(160 KSI) of bolts of 
same material at tem- 
peratures — 300°F to 
1400°F. Used for re- 
duced times and loads 
up to 1800°F. Rene 41, 
silver plated. Sizes 
10-32 through 3/8"-24. 


Shank type nut for tur- 
bojet flange sections. 
Develops full tensile 
strength of Waspalloy 
bolts up to 1400°F. 
Waspalloy PWA686, sil- 
ver plated. 1/4-28 size, 
two shank lengths. 


Radial gang nut strip 
for flange assemblies, 
to develop full strength 
of bolts of 347FM or 
303 stainless steel at 
1200°F. Nut-AISI 347- 
FM, Silver plated, size 
5/16"-24. Channel - 
AISI 321 passivated. 


ELASTIC STOP NUT CORPORATION OF AMERICA 

2330 Vauxhall Road, Union, N. J. 





